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x : original form of x
x : forward sweep for x
x : backward sweep for x
: take snapshot
: use snapshot
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Fortran95 parser (C)
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other tool
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Useful
previous
results
Analysis
Result
LEGEND :
Tree protocol
reader
Program
internal representation
Type Checking
Symbol Tables
and Types
Pointer
analysis
Pointer
destinations
Read-Written
analysis
Read-Written sets
Detection of
Aliasing
Error messages
Detection of
Uninitialized variables
Error messages
Dependency
analysis
Dependencies
Differentiable
Dependency analysis
Diff. dependencies
Activity analysis
(Varied and Useful)
Active variables
Adjoint Liveness
analysis
dead adjoint code
TBR
analysis
Required variables
Adjoint Written
analysis
Optimal snapshots
Tangent
AD
Tangent program
Reverse
AD
Adjoint program
G(_}t\I^ZKMv6x	: IÈ[,YZK!^Z[mlfQl{Yol4G(d{¥ lt[mlfUV°!KW[IKK XK* 0u,UO _[ tIm.
ÒIÉ0Ù_jlk\m\k\k
C6r  iZ>U[	 a, Z
	
       ±
      	
     ± 
cKgY* WAl6jgKM_Y¤ tmI.h ¥_iI^Zdtu2lfuIU²[IdtYOiI^ZdX X\mjgKMli&K!^`KjgYD X_&K^`K[,Y`_bl{Y`K* £iI^Zdt}t^olfJ l{Y©m^oWY
YZ^`U6µYZK!^OO\XY`d6Jl{Y`_bjpD_ª±K!^ZK![,Y`_bl{YZ_d6[¤ml|{lf_ ml{Y`_dt[¶WnY`Ki0_bW[IK*jgK*W`WZlf^ZUY`d¯joGIK*j>=Y`GmKM XK!^Z_{lfY`_tKW
j!dtJiI\XYZK .´SVKjgY`_dt[7<IEiI^Zdti&d6W`KW.l^olfJK!¥dt^ =Y`dOi2K^nd6^`J YZGI_bW{lf_ ml{Y`_dt[OWd6[I}$ltW±{lf_b Il{YZ_d6[
 Id,K*Wn[ Y£¥d6^`=±¤YZGIKCK![m V¾ \mW`K!^0J<\mWnY£_ XK[,Y`_U Y`GIKCiI^ZdtuIK!J lt[m  _i&d6WZWn_uIK JdX X_U Y`GIKC_[IiI\XY
im^`d6}t^olfJYZd²W`dttKpYZGIK<iI^ZdtumKJ0QSVKjgY`_dt[ <m v IKWZjg^Z_u&KW$Y`GIKJ|d,WYD^`K*a,\IK![,YDim^`d6uIKJWdt\m[m .I Y
Jl8U£GmltiIi2K[ YZGml{YpUtd6\¶©m[m :lf[:\I[ =V[Id{¥[ iI^ZdtumKJ _[ Y`GIKWnd6\I^ojgK<im^`dX X\mj!K  u,U tIm. :O_[
YZGI_bW$j!l6WnK6¤,imK*ltW`K=6K!Ki\mW$_[Xd6^`JK* ²uVU²W`K![m I_[I}¯l|Jlf_±Y`d
+5!27$25% 7 :29#)#  # $!  9
?9!5  8
 GmK![¶YZGIKj!dtJiI\XYZK   IK!^Z_{l{YZ_6KW$lt^`KM©m[mlfU£j!dt^Z^`K*j¡Y*¤m_YDJl8Uu&K|}tdVdX 0Y`djoGmKj>=0¥GIKgYZGIK!^¨Wnd6JK
¥K!¾ =V[Id{¥[ _JiI^Zd{tKJ|K[,YZWlf^ZK0ltiIiI_jlfuIK0Y`dYZGIK  X_&K^`K[6YZ_lfY`K*  j!dV IKtFGI_bW_W IKWZjg^Z_u&K  _[
W`KjgY`_dt[ <I sI
   5	        	!$  # 
  #     #
k$Kj!lt_[I}|Y`GIKp[IdtYZlfY`_dt[mWdt´W`KjgY`_dt[£sI¤X¥KM X_ª±K!^ZK![,YZ_lfY`Kpl|iI^`d6}t^olfJ ²Y`GmlfYOjgdtJiI\IY`KWl\I[2j¡Y`_dt[
¢¤X¥_Y`G£_[IiI\XY: 	 
  lt[m 0dt\XYZiI\XY B ¢CI 
  
 bltWZWn_bj!ltUt¤*dt[mK{lf_ ml{Y`K*WYZGIK^ZKW`\IYZWdfXY`GmKYolf[I}6K![,YJdX XKuVUpjgd6J|i2lf^Z_[I}$Y`GIKJ¦¥_Y`G| X_,_b XK* 
 I_ª±K!^ZK![mj!KW¤f_  K6huVUltiIiIUV_[I}QYZGIK¥K¾]=,[md{¥[Mdt^ZJ<\mlDdt^l¨ X_±K!^ZK![,Y`_blfuIK\I[mjgY`_dt[ 3¯dt&lpWZj!ltlt^
{lt^`_blfuIK  
 :
3 D   
	

 ?
3F  @ 3F 

« Ft®
CK<^ZKjlfYZGml{YQdt^Ql¯}t_tK[  X_^`K*j¡Y`_dt[ ) _[ Y`GIK|_[miI\XYQW`iml6jgKt¤&YZGIK<d6\XY`iI\IYQdtEY`GIK<YZlf[m}tK![,YQJ|dX XK
W`GId6\I |u&K )¢ D   H ) IÈ[,YZ^`dX X\mj!_[m}¨\I[mj¡YZ_d6[Mdf.WZj!lfblf^E{lt^`_blfuIK :J F¢C H)(
KdbXimlf[m I_[I} D lfYQ_[IiI\IY  ! ¥_Y`GCKa,\mlfY`_dt[ « Ft®|«Adt[ YZGIKK!µYpGmlf[m CW`_ XK8®Olt[m :¥_ªYZG YZGIK|joG2lf_[
^Z\IK«dt[0YZGIKp^`_}tG,YGmlf[2 0W`_b XK*®YZK!\mWY`G2l{Y
	
 ?
¢ FH ) @ ¢ 

! D  !  ¢ D C H )N ) «KC6®
W`d|Y`GmlfY$¥Kpjlf[£lfiIiI^ZdibX_JlfY`K)uVU¯^Z\I[I[m_[I}¢ Y¥_j!Kt¤Id6[ lf[2 ²d6[  H )
FGIK£^ZKW`\IYZW|df$YZGIK£^`KtK^ZW`K¯JdX XK¶lf^ZK{lf_b Il{YZK  _[ Y`\I^Z[ uVU \mW`_[m} YZGIK£8lt_b IlfY`K  YZlt[I}tK[6Y
JdX XK6DFGI_bWO_bWQj!lfK £YZGIK  aLU [0h^`U a [ YZKWnYI YD^ZK!_K*W$d6[¶Y`GIK|dtu2WnK^`{l{YZ_d6[0Y`GmlfYDd6^Dlf[VU£}t_tK[
) ¤Y`GIK£^ZKW`\IY )dfDY`GIK0YZlt[I}tK[,Y|JdX XK£j!lf[ u&KYol_=6K![ l6W<YZGIK£_[miI\XY df$YZGIK£^`KtK!^oW`K²JdX XKt¤
UV_K!b X_[I}l^ZKW`\IY  :K¨YZGIK![¶ XKtKd6i²YZGIKM XdfY$im^`dX X\mjgYdf 	lt[m +) :
  9 )    ¢ D , C H) 9 ) F ) , H£¢ D C H )N ) , H)B  ) 9 )  « xf®
W`dpYZGml{Y¥KOjlf[²j!dtJimlt^`K  ^ZKgYZ\I^`[mK uVU|Y`GIKQlt 8ed6_[,Yj!dV IKO¥_Y`GYZGIK) ^`K!Y`\I^Z[IK uVUY`GIKOYZlt[I}tK[6Y
JdX XK6
FGI_bW|^`K*Wn\mªYoW<_[ YZGIK²d6d{¥_[I}¶^olfJK!¥dt^ = YZd {lf_b Il{YZK²YZGIKj!dV IKiI^ZdX X\mj!K  uVU 6II.h ¤
W`GId{¥[d6[©m}t\I^ZKDvtzIESV\IiIi&d6W`KY`GmKO^Zd,dtY X_&K^`K[,Y`_bl{Y`K* iI^ZdVj!K X\m^`KYZGml{Y_JiIK!JK[6YoWEYZGIK$\I[2j¡Y`_dt[
ÐÑ(ÒÐµÓ
 	
 Cm
#! "$%&!'8/10%I/!$%N"&+  57:5.%5 F-
%#&$1'8N'1 %5 F
 1'/10  + %T-5 :+ F-
 1'/10  @,"0	&J+.%*-5  !K@N,0	&J+.%T-T5  1K+.%T-5  N=+.%T-
 1'/10 :6&D@V+ F-T5 :K	&D@+ F-5 :KJ+ F-5 :1=+ F-
 1'/108&D@V5 %
 NE#F'1D@V5)%  NEF.$"?5)%
 NEF/!K9
 A 
  	@&-&D@   A%   E K  B0  K	&1K K    &1E	&A% &6@
&D@ 3O)  & )#4
 1,"0&? &   %  B?  N,   %!D/6?  
 6@N,"0	&J+# - 3  +	# -
 A1E	&1,"?	&? &   %!D/6? K    &NE	&B%6?  ,"?   A% K  E&  B?    %  !K
 1K@N,"0	&3+	# - 3 )  4
 ;E	&D,1E	&? 6&  	7&D@   A%5  !K   %!D/	?   NE 1
 J+	# -C3  6@N,"0	&J+# - 7<&D@5  !K@,"0	&J+	# -
  "/% :6&D@ 3 1 +  	7&D@    %5  !K-
 , 1 "1"3+  5M:-
:	&D@V+	# - 3 :+	# -
  6&6@A? NE	&? 6&   %  B?  N,   %!D"/6?  
 J+	# -C3  6@N,"0	&J+# -
  6&6@A? NE	&? 6& K    &1E	&B%6?  N,"?    % K  E	&  B?    A%  !K
 1K+	# -C3  !K@N,"0&J+	# -
  "/%-? &<?,A%	&B%6?    NK	&R: 7:K-3 1 HI+  5  1K-
 , 1 "1"!HI+  J5  !K5 :5 :K-
 A LFD/6?	&? 6&8@/,NE	& %
 NEF    :K  E LFOK  B0  K	&NKGK    &NE	&B% &	@:!K	&D@V+# - 3 +M:6&D@V+	# - L:+	# -1-C"&D@
%  NEF'1D@<3 B+M:K	&D@V+	# -5#:K	&D@+	# -!-
DE   %6? 55  MI  B0  K	&1K I    &1E	&A% &6@ #  15.%
 NEF'1D@
 A LFD/6?	&? 6&8@/,NE	& %
 NEF    :K  E LF ?!,B%	&B%	?G/1I
%  NEF.$"?83 B+M:K+	# -5:K+# -!-
DE   %6? 55  S/1IG$!,B%	&B%	? F	 NK	& #  15.%
 NEF$?
  6&6@A? NE	&? 6&   %  B?  N,   %!D"/6?  
 J+	# -C3  6@N,"0	&J+# -
 % %  A?  N,  A,	& :1= 3 :!K
:N=+	# -C3 :K+	# -
  "/%-? & ,1K9    %6?    NK	&  N=83 1 H+  5 :1=T-
 , 1 "1"!H+  J5  N=5 :5 :1=T-
 A LFD/6?	&? 6& K ?RDE NK/ A?Z+  N=   !K-
%  NEF./!K93 B+  N=+	# -5  !K+# -!-
DE   %6? 55  S/1I  	&"0	&1E@B&QF	 NK	& #  15.%
 NEF$?
'1&!I
G(_}6\I^ZKpvtz6:SV\Ium^`d6\XY`_[IK¨^olfJK!¥dt^ =|dt^{lf_ ml{Y`_dt[0dfE XK^`_{l{Y`_tK*W
ÒIÉ0Ù_jlk\m\k\k
C,v  iZ>U[	 a, Z
	
¢_bWY`GIKWn\Ium^`d6\XY`_[IK *     ,¤,¥GIK^`K>_W$lt[¶lf^Z^Zl8Udt '^ZKlf.[V\IJu2K^ZW¤I¥GI_bjoG¶lf^ZK¨Y`GIKp_[IiI\IYZW
 dt¢¤,lt[m   |_Wlf[¯lt^`^ol8UMdt & ^ZKltm[V\IJ<u&K!^oW¤t¥GI_bjoG²lf^ZKYZGIKOd6\XY`iI\IYZW df¢EFGI_bW{lf_b Il{YZ_d6[
JK!Y`GIdX ¶^ZKa,\I_^`K*W\mWOY`d0j!lf*¯^`Ki2K*l{Y`K* XUt¤±lf[m £_YZWD^`K*Wn\mªYoWOJ\mWYDu2K|^`KiI^ZdV I\mjg_uIKt$FGIK^`K!dt^ZK
²J<\mWnY$^`K*lfU¯j!dt[,YZlt_[ 	 X_[IiI\IYZWYZd¯¢FGIK!^ZK¨J<\mWnY$u2Kp[md|Gm_ I IK![¶Wn_b XK!¾ K!&K*j¡Y$_[IiI\XYoWdt[0¥GI_bjoG
¥K¨Gml8tKQ[Id¯j!dt[,Y`^Zdt 
IÈ[^ZKlt_YUt¤f_&Y`GIK$^ZdVdfYEiI^ZdXjgK I\I^`KG2ltW´Jlf[VU I_ª±K!^ZK![,Y_[IiI\XYoWlf[2 d6\XY`im\XYZWEdt± I_ª±K!^ZK![,YW`Gmlfi&KW
lt[m YUVi&KW¤,_Y_Wlfu2Wnd6\XYZK!U[IdfY^`K*a,\I_^ZK Y`GmlfYYZGIK!U¯lt^`K$},l{YZGIK!^ZK _[²d6[IKDlt^`^ol8UWn\mjoGltW ¯lf[m   ±
CKM Xd|Y`Gm_WGIK^`K¨d6[IU¯Y`dJl_=tKQYZGIK¨KbXiIblf[mlfY`_dt[£Wn_JiIK^ Elt^`_blfuIKW ²lt[m   ¯Jl8UK!6K![0d{tK!^Zblfi
_W`dtJK{lf^Z_ltuIKWQlf^ZK|lfYQYZGIKW`ltJKYZ_JKQ¡_[ lf[m  ¡d6\XY!f|SV\muI^`d6\XY`_[IK*W **£lt[m  ** lf^ZK
im^`dX X\mj!K QuVUQ I_ª±K!^ZK![,Y`_bl{YZ_d6[¨¥_ªYZG tIm. ¤*¥_Y`G¨YZGIKEd6d{¥_[m}$Wn_JiI_UV_[m}OltWZWn\mJ|iIY`_dt[¨¥GI_bjoG
jlf[0u2Kp_µY`K 0K*ltW`_U:(¥KMW`KgYY`GIKp_[m XKi2K[m XK[6YoWY`d¯lt lf[m ²Y`GIKM IK!i&K![m XK[,YZWYZd¯lf  &
I &Y`GIKDjgdtJiI\IY`K | XK^`_{l{Y`_tK*WElf^ZKjgdt^Z^ZKj¡Y*¤8Y`GIK[|Y`GIKYZGI^`KK[V\IJ<u&K!^oW´iI^Z_[,Y`K* |u,UMY`GIKiI^ZdXjgK* X\I^ZK
d6[ ©2}t\I^ZK²vfz0J<\2WYMu&K^`d6\I}tGmU¶YZGIK¯WZlfJKt²NDWn\2lfU6¤Y`GmKYZlf[m}tK![,Yp[Id6^`J	lf[m :Y`GmK¯lt 8ed6_[,YM[Id6^`J
JlfYZjoG 6K!^ZU:¥K!?¤\Ii YZd Y`GmKbltWnY<K¥  X_}t_YZWFGmK[Id6^`J d6uXYZlt_[IK*  ¥_Y`G D_,_b XK*  D_ª±K!^ZK![mj!KW
JlfYZjoGIK*W$dt[mUY`dGmlfEY`GIKJltjoGI_[IKMiI^ZKj!_W`_dt[¤&Wnd6J|K!Y`_JKWOlfµY`K^QW`dtJK<l6 IlfiXYZ_d6[¶df´Y`GmK<{lf\IK<dt
7!#XSIÈ[£}6K![IK^Zlt?¤,Y`Gm_W_bWK[Idt\I}6G²YZdu2KMj!dt[VV_[mj!K ²Y`GmlfYY`GIKM IK!^Z_{l{YZ_6KWlf^ZK¨jgdt^Z^ZKj¡Y*
            5#    
I {lf_b Il{YZ_d6[:Alt_bW¤h¥KJ<\mWnY<dVd = _[ Jdt^ZK¯ XKgYolf_l{Y<Y`GIK² I_ª±K!^ZK![,Y`_bl{YZK iI^Zdt}6^ZltJW!G(_^ZWnY¤(dt[IK
J\mWnY|Jl_=6K¯YZGIK²Yolf[I}6K![,Y[mdt^ZJ JlfYZjoG YZGIK£O_V_ XK*  D_&K^`K[mjgK*W[mdt^ZJ0¤lt[m  YZGIK![ Y`GIK£lt {edt_[6Y
[mdt^ZJJ<\mWnYJl{YZjoG0YZGIK¨YZlt[I}tK[6Y[Id6^`J£
E6K![¥dt^oWnK6¤.8lt_b IlfY`_dt[Jl8U¶Alf_Wn_JiIU u&Kj!lt\mW`K|dtlt^`_Y`GmJ|K!Y`_bjKbIjgKiXY`_dt[2W!¤^ZKgYZ\I^Z[I_[m}0^ZKg¾
W`\IYZW_ =tK +5.<d6^ 
+8&hj¡YZ\mlfU| X_±K!^ZK![,Y`_bl{YZ_d6[¯j!lf[_[,Y`^ZdX X\mjgKDLOltL< W_[¯Y`GIK$^ZKW`\IY`_[I}MiI^Zdt}6^ZltJ£¤
u&Kjlf\mW`KQiI^`d6}t^olfJWlf^ZKQW`dtJKgYZ_JK*W[Idt[£ X_&K^`K[6YZ_ltuIKt¤Ilf[2 ²O _WYZGIK![£_[²YZ^`d6\IuIKt¤Vdt^KdbXltJiIK
d6^    dt[0°!K^`d|dt^KdbXi2d6[IK![,Y`_bl{YZ_d6[   ¥GIK![ ¯_bW°!K^`d2 +5.XWjlf[£lfbWndltiIi2K*lf^dt^$lW`_}tG,YZU
 I_ª±K!^ZK![,YD^ZKl6Wnd6[ :dt^¨Wnd6JK<}t_tK[¶_[miI\XYZW¤W`dtJKp\I[mjgY`_dt[mWQGml86K<lf[ dt\XYZiI\XY¨¥GI_joG _WQblf^Z}tKt¤2uI\XY
[mdfY<U6KgYM_[ d{tK!^`¿md{¥p¤¥GmK!^ZKltWpY`GIK² IK!^Z_{l{YZ_6K_W< XKg©m[m_ªYZK!UC_[ d{tK^n¿2d{¥p²FGI_[ =:dt Y) ±¤h¥Gmd6W`K
 IK!^Z_{l{YZ_6K¨_W  Y) 2´$}6lt_[Y`Gm_WO^`K*a6\m_^ZKWlW`i2K*jg_blf±Y`^ZKlfY`JK![,Y*¤mlfY`GId6\I}tG£luI^Z\XY`K!¾?d6^Zj!KpWnd6\X¾
YZ_d6[j!dt\Ib ¯u&KQY`dWn¥_YZjoG²Y`d Xdt\IumKQiI^ZKjg_bW`_d6[ 	Od{¥KtK^¤6Y`GIK^`K¨lf^ZKDW`_Y`\mlfY`_dt[mW¥GIK^`K tmI.h
jlf[£ XdlWn_}6G,Y`U¯u2K!YnYZK!^Eed6u£lt\XY`d6Jl{Y`_bj!ltUtGmdt^    _[Y`GIK¨Yolf[I}6K![,YJ|dX XK6¤I_[mWYZ^`\2j¡Y`_dt[+:
5     #  
}6K![IK^ZlfY`K*W I_ª±K!^ZK![,Y`_bl{YZK _[2WYZ^`\mjgY`_dt[ :
5%  6%	   W
    #  
¥Gm_joG ^ZKgYZ\I^Z[mW +5._ ¶_bWO°K!^Zdm 8\XYQ_ª	%_bWQltW`d¯°K!^Zdm¤m¥KMKK!´_YD_bWQWZl{KMY`d²^ZKgYZ\I^Z[ °!K^`d¯_[ 5%
YZdVdmFGV\mW_[YZGI_bW$j!l6WnK6¤ tIm. l86dt_b IWY`GIKMltu2d{6KD_[mWnY`^Z\mj¡YZ_d6[0lt[m £WnK!YZW15%Y`d°K!^Zd_[mWnY`K*lt .
SXdtJKgYZGI_[m}W`_J|_blf^¥_u&KM Xd6[IK¨_[0Y`GmKp^`KtK!^oW`KOJdX XKp_[0YZGIK¨\XY`\m^`Kp6K!^oWn_dt[mW
O[IdfYZGIK!^D}tK![mK!^olf^ZK!Jlf^ =²_bWYZGml{Y tIm. K!J_ªYoWOl[V\IJu2K^Odt´¥lf^Z[I_[I}JKWZW`lt}tK*W X\I^Z_[I}
 I_ª±K!^ZK![,Y`_bl{YZ_d6[NIÈ[|WnK*j¡YZ_d6[,CI sI¤8¥K IKWZjg^Z_u&KW`dtJKJK*W`WZlf}6KWY`GmlfY(Jl8UpltjgY`\mltU¨_[m I_jl{Y`K¥GVU¨Y`GIK
 IK!^Z_{l{YZ_6KW$lt^`K<_[V{lf_ OFGI_[ =£dflfim^`d6}t^olfJJ_[I}YZKjoGI[m_a,\IK*W$¥GIK^`K    ¯{lt\IK*WOlt^`K<WnY`d6^`K* 
YZK!Ji&dt^olf^Z_U_[,YZd !   XWd6^_[,Y`d|©mKW¤VY`GIK^`K!dt^ZKDdVd6W`_[m}<YZGIK!_^ XK!^Z_{lfY`_tKWE$bWnd2¤ tmI.h
i&K!^`dt^ZJWMl£[V\IJ<u&K!^dfdtiIY`_J|_°lfY`_dt[mWMdt[CY`GIK0 X_&K^`K[6YZ_lfY`K* :im^`d6}t^olfJ£¤¥GI_bjoG j!lt[ u2K² IK!_jl{Y`K
lt[m ¶jgK^nYolf_[IU0[mdfYOuI\m}f¾ ^`KKtO}tdVdX ¶WYZ^ZlfY`K}tUjlf[ u&KMYZd²^ZKgYZ^`U£ X_&K^`K[6YZ_lfY`_dt[¤2Y`Gm_WOY`_JKl{µYZK!^
ÐÑ(ÒÐµÓ
 	
 C6s
 I_WZltjgY`_8lfY`_[I}$d6iXY`_J_°*l{Y`_dt[2W¥_Y`GpYZGIK    $!	?9 (QdtiXYZ_d6[¯«  W`Kj¡YZ_d6[#CI*®gTI XY`GIKiI^ZdtuIK!J lfiIi&Klt^ZW
d6[IU¯¥_ªYZG¶Wnd6J|K¨d6iXY`_J_°*l{Y`_dt[¤X_ªY$_bW$l|iI^ZKjg_dt\2W_[m X_bj!lfY`_dt[£Utd6\jlf[£}t_tKQ\mW;
Àl6WY}6K![IK^ZltX^`KJlf^ =<u&Kgdt^ZK$¥KKbIlfJ_[IKOW`i2K*jg_©2j!ltU XK!uI\m}t}t_[I}pdt&YZGIKYolf[I}6K![,YJdX XKOlf[2 
dtY`GmK|^ZK!6K!^oWnK<J|dX XK|_bWQY`GmlfY 6II.h Jl =tK*WOGVUVi2dtY`GIK*WnK*WQdt[ YZGIKJK!Jdt^ZU¶Wn_°!K|dXj!jg\miI_K*  uVU
im^`_J_ªYZ_6K ml{YZlDYUVi&KW Gmdt^´KbIlfJiIKl 	 
    T   Q[,\mJ<u&K!^E_bWEWn\Iimi2d,WnK* MYZd¨YZl_=6KzQuVU,Y`K*W!
FGm_WO_W$j!^`\2jg_blf.d6^DW`dt,_[I}Ka,\I_{lfK![mj!KWDlf[¶ X_&K^`K[6YQWniI_YnY`_[I},W$dfl}6_6K![P!3 3±¤Ilf[m 0_[¶Y`GIK
^ZK!6K!^oWnKJdV IKY`GI_bWjgd6[m X_Y`_dt[mW(YZGIK¥l8UMlD{lt^`_blfuIK_W  VK <lt[m A=Vi&K .SI  tIm. W`_°KGVU6¾
i&dfYZGIKW`KWElt^`K X_&K^`K[,Y(^ZdtJ Y`GIKltjgY`\mltIWn_°!K*W(dt[Y`GIKYolf^Z}tKgYElf^ojoGI_Y`K*j¡Y`\m^`K6¤8Y`GIK[YZGIK X_&K^`K[6YZ_lfY`K* 
im^`d6}t^olfJ _bW_ =6K!UMYZd<jg^oltW`G¶«AW`K!}tJK[6Yol{YZ_d6[Alt\IYo®Ed6^}t_tK¥^Zdt[m}p^`K*Wn\IYZW IÈ[Y`GIK *?9 #)  ?9)% ?9
 I_^ZKjgY`dt^ZUMdt2YZGIK$WYolf[m mlf^o <_[mWnYZlfbl{Y`_dt[¤fY`GmK 7#) 3+7
( 9  7$iI^Zdt}6^ZltJ j!lt[|GmK!i|U6dt\©m[m d6\XYEY`GIK*WnK
l6j¡YZ\mlfWn_°!K*W!¤´lf[m  Y`GIK  9V¤  &¤´lf[2   %Cjgd6J|Jlt[m _[IKdtiXYZ_d6[mWMJ\mWYu2K\mWnK* CY`d:J|dX X_UCY`GIK
 IKgAlf\mªYOjoGId6_j!KWdf 6II.h ltjjgdt^o X_[I}tUt
  %  K ¸   --  +-  ¼¼ A  ¼ ¯
 ¸ * +-&¸	 	 ¼ ½ ¸
Gmdt^¨YZGIKYZlt[I}tK[6YpJdX XKt¤¥K¯ XKV_W`K Cl0¥l8U£YZd¶dXj!lfY`K|Y`GmKdt^Z_}6_[:iIl6jgKdfY`GmK|J_bWnJlfYZjoG¯FGIK
}6K![IK^Zlt_b XK*l _bWY`dC^`\I[ Y¥dCjgd6J|im\XYZlfY`_dt[mW|dfQ XK!^Z_{lfY`_tKW¤\mW`_[I}:D_V_b XK  D_ª±K!^ZK![mj!KW|dt[ dt[IK
G2lf[m .¤V\mW`_[I} tmI.h  WYolf[I}6K![,Yj!dX XKDd6[²YZGIKQdfY`GmK!^Gmlf[2 .¤IjoGIKj>=V_[I}<_[,Y`K^`JK I_lfY`K¨ XK!^Z_{lfY`_tKW
d6[¶Y`GmKM¿mU lfYDiIbltj!KWOW`K!KjgY`K* ¶uVUYZGIK|\mWnK^QFGIK©m^ZWnYQ I_ª±K!^ZK![mj!K<iI^Zdtu2lfuIU_[m X_bj!lfY`K*WO¥GIK^`K<Y`GIK
um\I}_KWFGI_bWQ_Wp XdXj!\IJK![,Y`K*  _[ YZGIKQ\Elf_b Il{YZ_d6[ <W`KjgY`_dt[:dfYZGIKGX  imlf}6K_[ tIm.  W
¥K!u0imlt}tKt¤Il6W_ªY$Jl8U¯Ktd66KD¥_Y`G0Y`_JKt I Y$_bW[IK*jgK*W`WZlf^ZUY`dJdX X_ªU²Y`GIK¨YZKWnYn¾ u2K* 0df(©m}t\I^ZKMvfzltW
KdbXiIlt_[mK 0_[£YZGIK Elf_ ml{Y`_dt[ DW`KjgY`_dt[¤2UV_K X_[I}¯¥G2l{Y$_bWOW`GId{¥[£dt[£©m}6\I^`K<v <I  dtJiI\XYZ_[m}Y`GIK
D_,_b XK* ¯ X_&K^`K[mjgK*W^ZKa,\I_^`K*WltW\mWn\2lf2lp©m^ZWnY^Z\I[dfim^`dXjgK* X\I^ZK m¤fum\XY¥KOjlf	*M_[mWnY`K*lt .¤
¥Gm_joG0lf[VUV¥l8U|lfbWnd|jgdtJiI\IY`KWYZGIKDd6\XY`im\XYdt*I¤,uI\XY_[lt m X_ªYZ_d6[WnY`d6^`K*WYZGIKD_[,Y`K^`JK I_lfY`KO{ltª¾
\mKW¨WnKK*j¡YZK :u,U£YZGIK\mW`K!^¨_[6YZd0l²©mKj!lfK  7$!# +5 : 27#XQFGmKW`Kj!dt[m  ^`\m[:dt *£Kg±KjgY`_tK!U
j!dtJiI\XYZKWYZGIK¨YZlt[I}tK[,YO XK!^Z_{lfY`_tKW¤Ilf[2 _[¶lt I I_ªYZ_d6[YZdY`GmlfY$iI^Zdt}t^ZKWZW`_6K!U|^ZKj!d{tK^ZWKl6joG{lt\IK
WnY`d6^`K*  _[ 7!# +5 : 27#X¤2\mW`KW¨_Y¨Y`d6}tKgYZGIK!^¨¥_Y`GCY`GmK|im^`K*WnK[6Yp_[,Y`K!^ZJK X_bl{YZK{lt\IK|YZd£j!dtJiI\XYZKY`GIK
 IK!^Z_{l{YZ_6Kp¥_ªYZG D_V_b XK  D_&K^`K[mjgK*W!¤±lf[m £_JJK X_bl{YZK!U0j!dtJimlf^ZKW$_ªYQ¥_ªYZG£Y`GIK<YZlf[m}tK![,YD IK!^Z_{l{¾
YZ_6KOlf[2 jgdtJiIblf_[¥GIK![¯Y`GIKO I_ª±K!^ZK![mj!K$_bWJdt^ZKY`G2lf[ 7!#  76 2O_bWnY`_[mj¡YZ_d6[¯u2K!Y¥KK![YZGIKW`KY¥d
u&K!G2l8,_dt^oWdf **_bWJlt XKDY`GI^Zdt\m}tG¯YZGIK¨}tdtumlt! & 5#;7_[,Y`K}tK^´Y$lf[VUiIbltjgKQ_[²YZGIKMWnd6\I^ojgKOdt
**&¤mUtdt\¶Jl8U£WnKK*j¡Y¨l¯{lf\IKW`dYZGml{YQ_ªYoWD XK^`_{l{YZ_6KM_WQjoGIK*j>=tK £¥_Y`G Y`GIK|lfu&d{tKpJKjoG2lf[I_bWnJ£¤
W`_J|imU¯uVU_[mW`K!^`Y`_[I}iI^ZdXjgK I\I^`K¨j!ltbW_ =6KDYZGIK¨dtd{¥_[I} :
";5 : :    T   T           JY        	%1YNY1W
¥Gm_joG¶¥_´jgd6Jimlf^ZKMl{YO^Z\I[X¾ Y`_JKMYZGIK<D_V_b XK  D_&K^`K[mjgK*WDlt[m 0Y`GIK<YZlt[I}tK[6YQ XK!^Z_{lfY`_tKW$dfEK!Kg¾
JK[6YoWM¨YZd rdtElt^`^ol8U £lf[m 0iI^Z_[,YDl¯J|K*W`WZlf}6K¨_ª´Y`GmK!U£ X_ª±K!^*FGIKW`KMiI^ZdXjgK* X\I^ZKWlf^ZKpiI^Zd{V_ XK* 
_[0Y`GIK  *?9 #)  ?9)% ?9< X_^ZKj¡YZdt^ZUdfhY`GIKMWnYZlt[m Ilf^o _[mWnYZltbl{YZ_d6[
  %   % ¸   --  +-  ¼¼ A  ¼ ¯
 ¸  ¸,2¸ { ¸  ¼ ½ ¸
DW¨\mW`\mlf ¤.Y`Gm_[I},WMlf^ZK|[IdfYMW`d0K*ltW`U£dt^¨YZGIK^`KtK^ZW`K<JdX XKt¤huI\XYM¥KlfbWnd£ XK!V_bWnK* :l0^Z\m X_JK![,YZlt^`U
 I_V_b XKg¾Èlf[m X¾ j!dt[ma,\IK^lfimiI^`d,ltjoG YZd:^Z\I[ Y`GIK£ XdtYn¾ iI^`dX X\2j¡Y|Y`KWnYdt[ imlf^`YZWdfDY`GIK£iI^ZdXjgK* X\I^ZK *I
8\I},WDjlf[ Y`GV\mW¨u&K|dXj!lfY`K  iI^ZKjg_bW`K!Ut¤±_[l^`KlfY`_tK!U¶WnJlt´imlt^nY¨dfYZGIKiI^Zdt}t^olfJ£¤.lf[2  Jl8U¶u2K
YZ^Zl6j>=tK* < Xd{¥[Jdt^ZKKltW`_U6´SV\miIi2d,WnK¥KjoGIdVd6W`KdXj!lfY`_dt[mW! !   _[M¬ÈYZGIKJ_ I IK$dtÈ­ **±¤
ÒIÉ0Ù_jlk\m\k\k
Ctw  iZ>U[	 a, Z
	
#! "$%&!'8/10%I/!$%N"&+  57:5.%5 F-
"E&!,	5	Z K1K	&D@V5 &D@B,	&NE 
  %6?	&	&NE D ,6@&35 K!K    "&
   LF!F	 A% C   LFD ,6@&C D ,6@&J5K!K   "&J5 K!K	&D@5 &D@B,	&NE 
"
  "/% :6&D@ 3 1 +  	7&D@    %5  !K-
 1K+	# -C3  !K@N,"0&J+	# -
K1K	&D@ 3<&D@
&D@B,	&1E 3 4  414!4!4!4!414)D ,6@&3O)
K1K   "&-3 ";!'!&+ J5 1 %0!'	3   &D@A0,A/&	@ U-
 , 1 "1"!HI+  J5  !K5 :5 :K-
:!K+	# -C3 4  4A0"!'+.-
:	&D@V+	# - 3 :+	# -
  6&6@A? NE	&? 6&   %  B?  N,   %!D"/6?  
"
  "/%-? &<?,A%	&B%6?    NK	&R: 7:K-3 1 HI+  5  1K-
D ,6@&3  
";!'!&+ J5 1 %0!'	3   &D@A0,A/&	@ U-
AN/10!0 1 "1"!HI+  J5  !K5 :5 :K-
A0"!'+.-
 A LFD/6?	&? 6&8@/,NE	& %
 NEF    :K  E LFOK  B0  K	&NKGK    &NE	&B% &	@
"
G(_}6\I^ZKpv <6:SV\Ium^`d6\XY`_[IK¨^olfJK!¥dt^ =|dt^$ XKuI\I}t}6_[m}YZGIK¨YZlt[I}tK[,Yj!dX XK
ÐÑ(ÒÐµÓ
 	
 CF
¥_Y`Gd6u,V_dt\mWpj!dt^Z^`K*Wni&dt[2 X_[m}i&dt_[,YZWp_[mW`_ XK¯Y`GIKuml6j>=V¥lt^Z :Wn¥K!KiCdt **±.FGIK¯j!dt[mWnY`^olf_[,Yp_W
YZGml{Yl{YK*ltjoG t¤6lf2l6j¡YZ_6K8lt^`_blfumK*Wlf^ZKV_W`_umK:h_[dfYZGIK!^¥dt^o IW¤t[IdMl6j¡YZ_6K8lt^`_blfumK$jlf[u&K$_[¯l
j!dtJJdt[M¥Gm_joG_W([IdtY´ XK*jgblf^ZK Mlt[m MV_bWn_uIKd6^ t´FGI_bWh_bWY`GIKJd6WnY´WnY`^Z_[I}tK[6Y(^`K*WYZ^`_bj¡YZ_d6[Mdt[<Y`GIK
ltiIiI^Zd6l6joG  lt&Y`GmKW`KQ{lt^`_blfuIKW  ¤Ilf[m ²¥KQ¥_ltWZW`\IJKOYZGIK!U¯lt^`KOY`GIK¨K!K!JK[6YoWdf(lt[lt^`^ol8U) 	
d6^W`_JiI_bjg_YU|_[YZGIKD XK*W`j!^`_iXYZ_d6[dt[IUtSVK!Y /?YZdpY`GIKDtK^`U|u2K}t_[I[I_[I}<dt *m¤6lt[m   - Y`dM_YZWtK^`U
K[m . :KDlf^ZK}6dt_[I}QY`dp^Z\I[|Y`GIK$ XdtYn¾ iI^ZdV I\mj¡Y´Y`K*WYd6[KltjoG|iI_Kj!Kdf *DYZGml{Y}6dVKW(^ZdtJ l¨dXj!l{YZ_d6[
  Y`d   9 %  l6joG<YZ_JKKbXK*jg\XYZ_d6[|dt **¨^ZKl6joGIKW´lQdXjl{Y`_dt[   ¤tlfm XK^`_{l{YZ_6KW )  lf^ZKWYZdt^ZK .¤
lt[m YZGIKp XdfYiI^ZdX X\mjgY1)  9 ) =´_bWjgd6J|im\XY`K* lt[m ²im^`_[,Y`K   d6[VtK!^oW`K!Ut¤,KltjoG²Y`_JKQKdbXKjg\IY`_dt[²dt
YZGIKMuml6j>=V¥lt^Z Wn¥K!Ki0dt´Y`GIK<l6 8edt_[,Y *¯^ZKl6joGIKWYZGIK<jgd6^`^ZKW`i&dt[m X_[I}dVjl{YZ_d6[ t¤mY`GIK<WnY`d6^`K* 
{lt\IKQdf ) Q_W^ZKgY`^Z_K!tK* .¤V_ªYoW XdfYiI^ZdV I\mj¡Y¥_Y`G¯YZGIK¨iI^ZKW`K![,Y  «¥GI_bjoG_bW}td6_[I}\IimWnY`^ZKltJ ¥_Y`G
YZGIK¯lt {edt_[6Y<j!dX XK*®Q_bWMjgd6JiI\XY`K* lf[m CiI^Z_[,YZK .¤´lf[m CbltWnYpuI\XY<[IdtYMK*ltWnY   _bWpd{6K!^Z¥^`_YnYZK![ ¥_Y`G
YZGIKpjgd6[6YZK![,YZWdt )   G(_}6\I^ZKQs6r_\mWnY`^ol{YZKWY`GmKpJ|K*joGmlf[m_W`J :  lt¢  Y`GIK¨\I[2j¡Y`_dt[0_J|imKJ|K[,Y`K 
X0
F0 Fj-1
Xj
Fj
Xj+1
Fj+1 Fp-1
Xp
X0 F0 Fj-1
Xj Fj
Xj+1 Fj+1 Fp-1
(Xj Xj)
(Xj Xj)
(Xj+1 Xj+1)
(Xj+1 Xj+1)
Gh_}t\m^`Kpstr:SViI_ªY$KdbVK*jg\XYZ_d6[dthYZGIKM XdtYim^`dX X\mjgYY`K*WY
uVU:Y`GIK²^Zlt}tJK![,YMdt *¶u2K!Y¥KK![   lf[m    9 %  O\m^`_[I} **&¤±YZGIKj!dX XK^olf}tJK[6Y )¢  ^ZdtJ
  Y`d   9 % jgd6JiI\XY`K*W!¤^ZdtJ _YZW¯_[Iim\XY¯YZlt[I}tK[,Y I_^ZKjgY`_dt[ )  ¤_YZWd6\XY`iI\IY¯YZlt[I}tK[6Y¯ XK^`_{l{YZ_6K
)  9 %  ¢ D  = H*) fO\m^`_[I} **±¤tY`GIK¨jgdX XKO^Zlt}tJK![,Y ¢ $^`d6J  9 %$YZd Djgd6J|im\XY`K*W!¤,^ZdtJ
_YZWM_[Iim\XY   9 % ¥Gm_joGGml6We\mWYu2KK![ jgd6J|imK!Y`K!U d{6K!^Z¥^`_YnYZK![ Y`d jgd6[,YZlf_[ )  9 % ¤Y`GIK}6^Zl6 X_K[,Y
  À¢ED ,    H   9 %  GId6^$¢  e\mWnY$_ =tKQdt^YZGIKMjgd6JiIK!Y`KM¢¤X_Y$_WY`GIK[0K*ltW`UY`djoGIK*j>=Y`G2l{Y:
  M9 )  F1)  9 %9 )  9 %  «Az6®
FGmK<^Z_}6G6YQGmlf[2  Wn_b XKdfO«Az,®$_bWD¥Gml{YQ_WDiI^Z_[,Y`K* ¶uVU **0lfYDdXj!l{YZ_d6[  9 %8¤.lt[m £Y`GmKKgµY¨Gmlf[2 
W`_b XKOdt«Az6®_bW¥GmlfY_bWiI^`_[,Y`K* uVU **lfYdVjl{YZ_d6[ { I YZGIKDY¥dM[V\IJu2K^ZW Xd6[ YJl{YojoG¤tYZGIK![
YZGIKiI^ZdtuIK!J¥_Y`G:Y`GmKl6 8edt_[,YMjgdX XK_KW¨u&KgY¥K!K[ YZGIKW`K|Y¥d£dVjl{YZ_d6[mW!³D[IKj!lf[:Y`GmK![joGIdVd6W`K
[mK!¥ÀdXj!lfY`_dt[mWYZd\m^nYZGIK!^$^ZK I\mjgKQY`GmKpiIl6jgK¨¥GIK^`KQY`GmKpiI^`d6uIK!J_K*W!
ÒIÉ0Ù_jlk\m\k\k
CLC  iZ>U[	 a, Z
	
IÈ[ iI^oltjgY`_bjgK6¤d6[IK¶[IKK IW¯Y`d WnYZlt^nY^ZdtJ Y`GIK _[I_Y`_blfOY`KWnYn¾ u&K  W`GId{¥[ dt[ ©m}6\I^`K vtzI¤lf[m  _[X¾
W`K!^`Y¨Y`GIKltiIiI^ZdtiI^Z_lfY`KWn\muI^`d6\XY`_[IKj!ltbW¨_[mWn_b XK *¶lf[2  ** .¤.l{YMltEdXj!l{YZ_d6[mW =   !   ¤
[mdfYdt^Z}tK!YnYZ_[I}  ? lfYY`GIK tK!^ZU u&K!}6_[m[I_[m} [Idt^  -l{YY`GmK tK^`U K![m . G(_}6\I^ZK sI W`GId{¥$W¥Gml{Y
J\mWnYMu2K_[mW`K!^`Y`K Cl{YMK*ltjoGCdXjl{Y`_dt[   ¤hW`\IiIi&d6W`_[m}YZGml{Y<Y`GIK¯l6j¡Y`_tK{lf^Z_blfuIKW  lfYpY`GI_bWpdXj!l{¾
YZ_d6[ lf^ZK²KdbIltj¡YZU .¤ ±¤lf[m  lf^Z^Zl8U  «A¥GId6W`K I_JK![2Wn_dt[ _bW|Kt }m   	 # V¤YZGIK!^ZKgd6^`K¯K*a,\I_{ltK[6Y
YZd lCJ|d6[Idf¾È X_JK![mW`_d6[mlf$lt^`^ol8UdfpWn_°!K  #t®¡¨KK!i _[ J_[m  Y`GmlfYY`GIK )  lf^ZK¶WYZdt^ZK  _[,YZdl
WnYZl6j>=±¤Olf[m  Y`GIK^`K!dt^ZK J<\2WY£u2KCi&dtiIi&K ^`d6J YZGIKWYoltj>= _[ÀY`GIKC^ZK!tK^ZW`K d6^Z XK^§SV\IuI^Zdt\IY`_[IKW
¼ ) -     *  ¼ - {  thII.h  -2¸	  6II  ¸,2¸ { ¸
;nhm .» X{½À »<¸V¸* =

/83   465 / 7    4
03C/5B0


/K<3   465 /K
/83   465 /87    4
 N, I!; 1  I! !'/10cZJ+./K-
 N, I!; 1  I! !'/10cZJ+ 0!K-
 N, I!; 1  I! !'/10cZ1/1 ! /N:+ ?!K565@-
 N, I!; 1  I!I.%1;10/1:+  7B  KGD
    %6?  U-
0!K<3 /5B0!K7C/K5A0
03C/5B0


/!= 3C/1= 7 05A0N=
0N= 3C/5B0N=
 N, I1;! !'! 1'/10FZ1/N ! /1:+2?N=5 65"@-
 N, I1;! !'! 1'/10FZJ+20N=T-
 N, I1;! !'! 1'/10FZJ+ /!=T-
 N, I1;! !'!I%1;!0/N:+  MB  K2D
    %6?  U-
/!= 3   465 /!=

Gh_}t\m^`KpsI:EcE^`dXj!K X\I^ZKpj!ltbW_[mW`K!^`Y`K* dt^$W`iI_YO XdtYim^`dX X\mjgYY`K*WY
/ T    m¤/ T           &¤1/ T*  !   <lf[2 Y`GmKQj!dt^Z^`K*Wni&dt[m I_[I}^`KtK^ZW`K /       2¤
/              2¤/          lt^`K¨lfiI^Zd{V_ IK ¯_[0Y`GIK  *?9 #)  ?9)% ?9< X_^ZKj¡YZdt^ZUt
Gmdt^KltjoG²dXj!lfY`_dt[   9 % dt^ ! \Ii²Y`d   @ " ¤**<iI^Z_[6YoWYZGIK¨ XdfYiI^`dX X\2j¡Y:<)  9 %89 )  9 % d6d{¥K u,U<Y`GIKO[mlfJKdf  9 %f Gmdt^K*ltjoG|dXj!lfY`_dt[ d6^    Xd{¥[|Y`d ! ¤ *MiI^Z_[6YoW´Y`GmKO XdfY
im^`dX X\mjgY   9 )  p«K*a,\ml{YZ_d6[ «Az,®OWnYZlfY`KWD_Y¨W`GIdt\m ¶u&KY`GIKW`ltJK*®d6d{¥K ¶uVU0Y`GIK|[mltJ|K|df   
 _Y`G:jgdt^Z^ZKj¡Y$ XK^`_{l{YZ_6KW¤mdt[mKp}tKgYoWYZGI_WDWnd6^nYDdfEdt\XYZiI\XY«AdXjl{Y`_dt[2W$}td^ZdtJ  ? Y`d     [V\IJu2K^ZWW`UVJ<u&dt_°K GIK!^ZK¨uVU ²lf[2  (((((£lt^`KQ\mW`K!KWZWdt^YZGIK¨Y`K*WYOlt[m ²J\mWnY$u2Kp_}t[Id6^`K* m® :
 I  B?1;E NKB/ B?83C%"%%%%
0    N,?   A%20HN4
 I  B?1;E NKB/ B?83 Z    0    N,?   A%20H)
 I  B?1;E NKB/ B?83    ?! N' 4  0    N,?   A%20H 
 I  B?1;E NKB/ B?83      N'	7!40    N,?   A%20H 
 I  B?1;E NKB/ B?83>F1F!F!F!F
0    N,?   A%20H 
 I  B?1;E NKB/ B?83      N'	7!40    N,?   A%20H 
 I  B?1;E NKB/ B?83    ?! N' 4  
ÐÑ(ÒÐµÓ
 	
 CVx
0    N,?   A%20H)
 I  B?1;E NKB/ B?83 Z    0    N,?   A%20HN4
    ! #  
$  [<  5    # 
 	!$
FGm_WW`KjgY`_dt[ _W¯ltu2d6\XYJdV I_ªUV_[I}Y`GIK  I_ª±K!^ZK![,Y`_bl{YZK  iI^Zdt}6^ZltJYZd_JiI^Zd{tK£_YZWi&K!^`dt^ZJlt[mjgK*W!
cK*ltW`KEu2K*lf^_[pJ_[m pY`GmlfYY`GI_bW_bWl Ilt[I}tK^`d6\mW.ltjgY`_V_ªYUD_ªm Xd6[IKEdt[mUDu,UQGmlt[m ¨dt[QY`GmK X_&K^`K[6YZ_lfY`K* 
j!dX XK:(lfIJdV I_ª©2jl{YZ_d6[mWE¥_2u2K$d6WnY_&YZGIK$iI^Zdt}6^ZltJ_W X_ª±K!^ZK![,YZ_lfY`K lt}6lf_[´FGIK!^ZKgd6^`K¥K_[2Wn_bWY
YZGml{YlfG2lf[m V¾ Jlt XK²J|dX X_©2jl{Y`_dt[2WMdt[ Y`GIK0 X_ª±K!^ZK![,YZ_lfY`K  jgdX XKW`GId6\I  ^`KJlt_[ W`_J|imK0lf[m  dt
_J|_Y`K* Kdb,YZK![,Y¤Dlf[m À[IKbVY0 IK!tKd6iIJK![,YZWdf tIm. ¥_plf\XYZdtJl{YZK¶Y`GmKW`K:_JiI^`d{6K!JK![,YoW
 I\I^`_[I} O_ªYoWnKª¤iI^ZdtumltuIU ¥_ªYZG Y`GIK¶GIKi dfp X_^`K*j¡YZ_6KW_[mWnK^nYZK  uVU Y`GIK¶K[m  \mW`K!^_[6YZdY`GIK
W`dt\m^Zj!KDiI^Zdt}6^ZltJ£
DKW`iI_Y`K$YZGIKDlt[mlfUXWn_bWK!&d6^nY Xdt[IKD X\I^Z_[I}| X_&K^`K[6YZ_lfY`_dt[¤tY`GIK^`KD¥_±lf¥l8UXW´^ZK!Jlf_[\I[I[IK*jgK*W¾
WZlf^ZUM_[mWnY`^Z\mj¡YZ_d6[mW_[Y`GIKD X_ª±K!^ZK![,YZ_lfY`K j!dX XKtEFGIK^`K_bWKtK![¯lQYZGIK!d6^`K!Y`_bj!lt{e\mWnY`_©2j!lfY`_dt[dt^Y`GmlfY:
WnYZlfY`_bjlf[mltUXW`KW«Aj!dtJiI_K!¾?YZ_JKlf[mltUXW`KW(df±iI^Zdt}6^ZltJWo®lt^`K[Id6[X¾  IKjg_b IltuIK6SIÈ[|dfYZGIK!^E¥dt^o IW¤8Y`GIK^`K
¥_lf¥l8UXWu2K¨iI^Zdt}6^ZltJWdt[¥GI_bjoG²YZGIKMlf[mW`¥K!^Y`dl ml{YZlf¾?¿2d{¥Àa,\IKWnY`_dt[_W\I[l=,[md{¥[EFGIKQY`dVdt
YZGml{YD\mWnK*WYZGIKlt[mlfUXWn_bWJ<\2WYDY`GIK^`K!dt^ZKpJl =tK<l²jgdt[2WnK^`{l{YZ_6KpjoGIdt_bjgK6¤m_  K6}tK![mK!^ol{Y`Kl¯jgdX XKpYZGml{Y
j!dti&KW¥_Y`G0Y`GmKp¥d6^ZWnYn¾Èj!l6WnKQW`j!K![mlt^`_dm¤Xlf[2 ¯YZGI_W$GmltWljgd,WY*
Gmdt^_[2WYolf[mj!KD_[0lt±JdX XKWdthO¤VY`GIK^`KQJl8U^`KJlf_[¯\I[I[IK*jgK*W`WZlf^ZU_[I_Y`_blf_°l{YZ_d6[mWdfh IK!^Z_{l{¾
YZ_6K{lt^`_blfuIKW¤.u&Kj!lt\mW`K|lt[mlfUXWnK*WDj!dt\Ib X[ Y¨Y`K!E¥GIK!Y`GIK^¨Y`GI_bWp XK!^Z_8lfY`_tK¥_Eu2K\mW`K :u&Kgdt^ZK_ªY
_bW|[IKbVYd{tK^`¥^Z_ªY`Y`K[ $bWnd2¤W`i2K*jg_©2j!ltU _[ Y`GIK£^ZK!6K!^oWnK¯JdX XK6¤W`dtJK0WnY`d6^Zlt}tK¯Jl8UGml86Ku&K!K[
_[mW`K!^`Y`K* £Y`d¥^`_Y`K|_[,YZK!^ZJ|K* X_bl{Y`K{lf\IKWDdt[¶YZGIKYZlfi&K|dt^DY`d¯Yol_=6Kl²W`[mltimWnGmdfY¤.ltªYZGIdt\I}6G¶Y`GmK\mW`K!^
=V[Id{¥$WOY`G2l{Y¨_ªYp_bWD[mdfY¨[IKj!KWZW`lt^`U6M³DuVV_dt\mW`U6¤2^ZK!Jd{V_[I}¯YZGI_WQ\I[m[IKj!KWZW`lt^`U¶WnY`dt^olf}6KM¥_´_J|im^`d{6K
YZGIK|iI^`d6}t^olfJ _[:KbXKj!\XY`_dt[¶YZ_JKltWO¥K´ltWDJK!Jdt^ZU£\mW`lt}tK6	$d{¥K!6K!^YZGI_bWDJ\mWnYQu&K Xd6[IK<¥_Y`G
jlf^ZKD\m[6YZ_hl| I_^ZKjgY`_tK¨_WOl88lt_blfumK6
IÈ[£YZGIKM^ZK!tK^ZW`K¨JdV IKt¤2lt[IdfYZGIK!^DWnd6\I^Zj!KpdfE_[IK"#¯jg_K![2jgU²_bWOli&dVdt^OjoGmdt_bjgKpdfjoGIK*j>=Vi2d6_[,YZW G(_}f¾
\m^`K+FQWn\IJJlf^Z_°!KW(¥GIK^`K 6II.h iI\XYZWjoGIKj>=Vi&dt_[6YoW!hFGI_WEjoGmdt_bjgK_W´_[|}tK![mK!^olfVK"#¯jg_K![,YE¥GIK[
YZGIKMj!lt}t^olfiIG0_WO¥Kumlfblf[mj!K .IÈ[0dtY`GIK^Oj!l6WnK*W!¤m_ªY$Jl8U²u&KM¥_bWnKp[mdfYY`d¯joGmKj>=Vi2d6_[,Y$W`dtJKptK^`U
W`Jlfhim^`dXjgK* X\I^ZKW¤md6^OYZdjoGIK*j>=,i&dt_[,YDW`K!Kj¡YZK ¶i2lf^`YZWDdfEY`_JKg¾Èjgd6[mWn\mJ|_[I}iI^`dXj!K X\I^ZKW¤&KW`i2K*jg_blfU
d6^DdVdtimW|«   !w!µ®gM$}6lt_[¤2YZGI_bWQW`GId6\I  u2K Xd6[IK| I\I^`_[I}0O¤± I^`_tK[ uVU¶\mWnK^n¾ }t_tK[  X_^`K*j¡Y`_tK*W!
NO[,Y`_Y`Gm_WOJ|K*joGmlf[m_W`J KdbV_bWnYZW$_[ thII.h ¤IYZGI_bWOj!lt[£u2K<l6joGI_K!tK* 0u,U0joGmlf[m}t_[I}Y`GIKj!lf}6^ZltiIG
dtYZGIKpdt^Z_}6_[2lf±iI^Zdt}t^olfJ£¤V_[6YZ^`dX X\2jg_[I}[IK!¥ iI^`dXj!K X\I^ZKWd6^_[I_[I_[m}KbX_WnY`_[I}iI^ZdXjgK I\I^`K*W!
	Od{¥KtK!^*¤6Y`GIK¨Jd6WnYim^`dt©IYZltuIKD_JiI^Zd{tKJK![,YZWjgd6J|KD^ZdtJ§Y`GmKQ\2WnK^ W =,[md{¥K* X}tKDdfYZGIK¨dt^Z_}t¾
_[mlt$iI^Zdt}t^olfJ£ Wlf}td6^`_Y`GIJ lf[m  JKlt[I_[I}m¤^ol{Y`GmK!^Y`G2lf[ ^ZdtJ l }tK![mK!^Z_jt¤W`GIdt^`Yn¾ÈW`_}6G6YZK .¤WnYZl{YZ_j
lt[mlfUXWn_bW¨dfY`GmK¯iI^Zdt}t^olfJ£ W¨Wnd6\I^Zj!Kt²§{lt^`_KgYU:df X_^ZKjgY`_tK*W¨Jl8U:u2K²tK!^ZU GIKiI\IYZd¶}t_tKY`Gm_W
=V[Id{¥K I}tK¯YZd tIm.  SXdtJK£dfOYZGIKW`K£_JiI^Zd{tKJK![,YZWJl8U u2K¶lt\XY`d6JlfY`K*  imlt^nYZU _[ Y`GIK
JK*lf[,Y`_JKt¤,\mWn_[I}|lMjgd6J<uI_[ml{YZ_d6[dfuIbltj>=,¾ u2dib|JKjoGmlt[I_W`J§lf[m _J|_Y`K* Gmlt[m JdX X_ª©&j!l{YZ_d6[ :K
W`Gmlt& X_WZjg\2W`Wu2Kd{¥ lp[V\IJ<u&K!^dfW`\mjoG_J|im^`d{6K!JK![,YZW¤f[mltJK!U|ltu2d6\XY 	 haLX>X a 	   d[	 X 	 ^
	 <  XZ¡¤
 	 hX  ^  UDa X >^;fXl[ Z¡¤	 [ U  a54dU	 V[  UDa X >^;fXl[ Z¡¤ 	[]Xd^  [	 X ^`X\ZdU   [	KU  Z¡¤Olt[m   UDU lZ 7 	[ 
	  a X  XhaLX
V[ 	[ Xd^  [	KU	lZo
ÒIÉ0Ù_jlk\m\k\k
C6z  iZ>U[	 a, Z
	
  1 K   ½ ¸V¸ ½   mf ,2¸ , X)I ¸ 
 d6[mW`_ XK^dt^DKbIlfJiIKpYZGIKj!dtJiI\XYol{Y`_dt[ df´Y`GIK<Y`_JKg¾ÈWYZK!i  X\m^`_[I}YZGIK<_Y`K^ZlfY`_tKp^ZKW`dt\XY`_dt[¶dtEl
WnY`K*lt XU,¾ÈWYol{YZKiI^ZdtumKJ0²SVY`^Z_jgY`U:W`i2K*l_=V_[m}m¤.YZGI_WpY`_J|K¯WnY`Ki_WMj!dtJiI\XYZK l{YpK*ltjoGC_ªYZK!^ol{Y`_dt[lf[2 
 IK!i&K![m IW$dt[Y`GIKMj!\I^`^ZK![,Y_Y`K!^ol{YZK 0WYol{YZKt  dt[V6K!^oWnKUYZGI_WY`_J|KMWnY`Ki¶jgKlf^ZU_[X¿2\IK![mj!KWYZGIKp[IKdb,Y
_Y`K^ZlfY`K*  WnYZlfY`Kt¤lf[m  Y`GmK!^ZKgdt^ZKY`GIK£©m[2lf$WnY`Kl6 XU WnYZlfY`Kt FGIK^`K!dt^ZK0lt[ DY`dVdt¥_iI^`d6umlfumU
 IKjgblf^ZKDY`GI_bWY`_JKg¾ÈWYZK!i¶ltWlt[0l6j¡YZ_6KQ{lt^`_blfuIKt
	Od{¥KtK!^*¤EYZGIK£K![m V¾ \mW`K!^f=V[Id{¥$WY`GmlfYY`GIK£YZ_JK¶WYZK!i WnGmdt\Ib  [mdfY_[I¿m\IK![2jgK0Y`GIK0©m[2lf^ZKW`\IªY
Jd6^`KYZGmlf[ Y`GI^Zdt\I}6G J_[mdt^ltiIiI^ZdibX_Jl{YZ_d6[Kg±Kj¡YoW! I YJl8Uu&KlfimiI^`d6iI^Z_lfY`KY`d dt^ojgK²Y`GIK0O
YZdVdtY`djgd6[mWn_b XK^<YZGI_WYZ_JKg¾ÈWnY`K!i _[2ltj¡YZ_6Kt DW|lCjgd6[mW`Ka,\IK![2jgKt¤´YZGIK£¥GIdtK0iI_K*jgK0dfDj!dX XK²YZGml{Y
j!dtJiI\XYZKW(YZGI_W(YZ_JK!¾ WnY`Ki Id,K*W´[IdfYE[IKK <Y`d¨u&K$ X_ª±K!^ZK![,YZ_lfY`K ¤tW`l8V_[I}¨ltj¡YZ\mlfU<lOdfYdt& XK^`_{l{YZ_6K
j!dtJiI\XYol{YZ_d6[mW!
NO[6YZ_Ql  X_^`K*j¡Y`_tK£KdbV_bWnYZW¤d6[IK¶¥l8UY`d joGIK*l{Y thII.h jgd6\I  u&K£Y`d _[,Y`^ZdV I\mjgK lt[ KdbVY`^ol
l6W`W`_}t[IJK![,Y
:
?  	F&H	@A?	&D 3 I%1N/A1$%A/!$1'+ ?  	F&!H	@B?	&D*-
¥GIK^`K Y`GIK uml6j>=6¾ u&dib \I[mjgY`_dt[     T     CKWZW`K![,Y`_blfU jgd6iI_K*W¯_YZW²_[Iim\XY²YZd _ªYoW¯d6\XY`iI\IY¤
um\XYO¥GId,WnKMW`_}6[ml{YZ\I^ZKQ_[0Y`GIK   *.91©mKWni&Kj!_ª©mK*WY`G2l{Y$YZGIKMdt\IY`iI\XYQ XK!i&K![m mWdt[¶[IdtY`GI_[I}¯lt[m 0_W
YZGIK!^ZKgd6^`KQ_[mltjgY`_tKt
  1  % / h¸ I0 ¼ ½ ¸  { -  ¸	 
ÀjgdX XK^olf}tJK[6YEJl8U<i&K!^`dt^ZJl¨_[IKlt^dti&K!^ol{YZ_d6[  d6[mWn_b XK^EY`GIK$jltW`K¥GIK!^ZKY`GmKOltjgY`_tKdt\XYZiI\XY
 df±Y`GI_bWE^olf}6JK![,Y_Wlp_[IK*lf^\I[mj¡YZ_d6[df._YZWltj¡YZ_6K_[miI\XY ¤t_  K6 B  H ¤f¥GIK^`K  _YZW`K!
_bW[IdfYltjgY`_tK6´FGm_W_[Xdt^ZJl{Y`_dt[j!lf[u2K¨GI_b I XK[6K!^ZU XK!KiIU_[mW`_ IKOYZGIKQ^Zlt}tJK![,Y¤Xlt[m ²l6j¡Y`\2lfU
YZGIKM^olf}6JK![,Y$Jl8Ui&K!^`dt^ZJ l¯dtYOdfE[Id6[X¾ _[IKlt^$_[,YZK!^ZJ|K* X_bl{Y`K<dti&K!^ol{Y`_dt[2W!FGI_bWO_bWYZGIKjltW`K¨dt^
KdbIlfJiIKDd6^<3    vfw!W`dttK^ZW
O[D YZd,d6EGmltW¨[md¶GIdti&Kdf XKgYZKj¡YZ_[m}£Y`GI_bWMW`_ªYZ\ml{YZ_d6[FGIK!^ZKgd6^`K|Y`GmK¯ X_ª±K!^ZK![,YZ_lfY`K CjgdX XK
¥_iI^ZdtumltuIU X_ª±K!^ZK![,YZ_lfY`K¨Y`GmKM¥GIdtKpjgd6J|im\XYZlfY`_dt[¶WnK*a,\IK![mj!Kt¤IKtK[_´Y`GIKM\2WnK^+=,[md{¥$WJ|d,WY$dt
_Y$_bW\mW`K!KWZW!EL$dtY$dt[IU¯¥_Y`GIK< I_ª±K!^ZK![,Y`_bl{YZK 0jgdX XKpi&K!^`dt^ZJ\mW`K!KWZWdti&K!^ol{YZ_d6[mW!¤VuI\IYOJdt^ZK!d{tK^
YZGIKMiI^Z_[mjg_iIKpdfEO ¥_\mW`K¨Y`GIK<_ªYZK!^ol{Y`_tKMj!dt[,Y`^Zdt±YZGml{YOW`dttK*Wdt^  YZd²W`dttKQdt^ )§d6^ 	Y`dVdm
FGm_WJl8UiI^Zd{tKQ Ilf[I}6K!^Zdt\mW¤,u2K*j!lf\2WnKQY`GmK¨W`dttK^Yol_=6KWj!lt^`KQdf(_[mWnYZltuI__Y`_KW_[²YZGIK¨_[,YZK!^ZJ|K* X_bl{Y`K
{lt\IK*W´Y`G2l{YKl6 Y`d ²¤,lt[m Y`GIKQ X_ª±K!^ZK![,YZ_lfY`K W`dttK^E¥_m[mdfY XdMY`GIKOWZlfJKd6^EY`GmK$_[,YZK!^ZJ|K* X_bl{Y`K
 I_ª±K!^ZK![,Y`_bl{YZK {lf\IKW
FGIK^`K!dt^ZK0Y`GIK \2WnK^²jgK^nYolf_[IUP=,[md{¥$Wu2K!YnY`K^¯YZGmlf[ YZGIK OY`dVdt$Gmd{¥ YZGI_WjgdX XK£^olf}6J|K[,Y
W`GId6\I 0u&K< X_&K^`K[,Y`_bl{Y`K* .¤I_[£YZlt[I}tK[6Y$JdX XK<l6W¥K(ltW_[¶^`KtK^ZW`K¨J|dX XK6FGI_bWOW`i&Kjg_blfhj!ltW`Kpj!lt[
u&K¿2lt}t}tK* <uVU|lp X_^ZKjgY`_tK6(NO[6YZ_mY`GI_bWEKdbV_bWnYZW¤fY`GmK$dtuVV_d6\mWEW`dt\XY`_dt[_bWlf},lf_[<YZdp\mWnKYZGIK$uIbltj>=,¾ u2dib
JK*joGmlf[I_bW`J0¤lt[m ¶YZd£iI^`d{V_b XKlGmlt[m  _JiIKJK![,YZlfY`_dt[CdfYZGIK X_ª±K!^ZK![,YZ_lfY`K  ^olf}tJK[6Y*<FGI_bWQ_W
a,\I_Y`KpK*ltW`U_[0YZGIKMj!l6WnK¨df´l|_[IKlt^dti&K!^ol{YZ_d6[0 Xd6[IK¨uVU²l|iI^`dXj!K X\I^ZKpj!lt':
";5 : : 1    =     
³D[mKe\2WY$[IKK IWY`d XKg©2[IK¨Y`GIKM I_ª±K!^ZK![,Y`_bl{YZK 0Wn\muI^`d6\XY`_[IK>!    !   	%  	  % $ltW:
";5 : : 1    =  	%  	% 
";5 : : 1    =     
ÐÑ(ÒÐµÓ
 	
 CL<
  1  1 ~ ¼mº I½  ¼   ¯ ¼ ½ ¸  8 -  ¸	 
 d6[mW`_ XK^²l_[IK*lf^0jgdX XK¶^olf}6J|K[,Y¯_ =tK ltu2d{6K     H  lf[m  W`\IiIi&d6W`K¶_[ lt I X_Y`_dt[ YZGml{Y
  ,   EFhdJl =tKDY`GIKpKdbIlfJiIKpJ|d6^`KQ_[6YZK!^ZKWnY`_[I}m¤IW`\IiIi&d6W`KMlfbW`d<YZGml{Y  _W[mdfY$KbXiI_bjg_Y:E_Y$_W
YZGIKM_[VtK!^oW`Kpdflf[mdfY`GmK!^$Jl{YZ^`_ b D³Ojgdt\m^ZW`Kp¥K Xdt[ YD¥lf[,YYZd²jgd6J|im\XY`K 67% KdbXiI_bjg_Y`Ut¤±lf[2 
¥KpiI^ZKgK^Y`dAltjgY`d6^`_°!K	_[2WYZKlt £l6W H   IÈ[YZGIKpiI^Zdt}6^ZltJ0¤VYZGI_bWJl8U¯u2K<}6l{YZGIK!^ZK _[£l
W`_[I}tKpj!lf':
";5 : :    *
	      + 
	OK!^ZK$lf},lf_[¤f^ZK!tK^ZW`KOdt  
  
	iI^ZdtumltuIU< XdVKWE[mdfY}tK[IK!^ol{YZKl¨tK!^ZUMK#j!_K[,YjgdX XKt¤6u2K*j!lt\mWnK
6II j!lt[I[IdfYp}6\IKWZWDY`GmlfYQYZGIKlt 8ed6_[,Y  
  *
	. 0_W¨K*a,\I_{ltK[6Y¨YZdYZGIKdt^Z_}6_[2lf    *
	
_YZW`K!FGI_bWWni&Kj!_lt&jltW`KDj!lt[²u&KQ¿2lf}6}tK uVU¯l| X_^`K*j¡Y`_tK6(NO[,Y`_±Y`GI_bWKbX_WnYZW¤,Y`GIKpW`dt\XY`_dt[²_Wlf},lf_[
YZdJl =tK  
  *
	Mluml6j>=6¾ u&dib²Wn\Ium^`d6\XY`_[IKt
 
  *
	.       . 	   
jlf[0u2KM IKg©m[IK* £Wn_JiIU²u,UGmlf[2 l6W :
   W  W
";5 : :    *
	      9  
     
   W
 _Y`Gl0_YnYZKJdt^ZK|Kg±dt^`Y¤.dt[mKjlf[:K!tK[ iI\IY¨_[jgdtJJdt[:Y`GmKAl6j¡YZdt^Z_°*l{Y`_dt[ Kg±dt^`Y¤.¥GI_bjoG:¥ltW
im^`d6umlfuIU lf^ZKlt IU  Xdt[IK¶ X\m^`_[I}CY`GIK£d6^`¥lf^o  W`¥K!K!i dfQY`GmK0^ZK!6K!^oWnK£jgdX XK6¤_[ Y`GIK£©2^ZWnY¯j!lfY`d
 
  
	        6
  1  ?   ¸ {X ,2¸  ¸  ¼  
 ¼ 
 d6[mW`_ XK^lt[ _ªYZK!^ol{YZ_6K²^ZKW`dt\XY`_dt[ ¥GIK^`Kdt[IUCY`GIK©m[mltWnYZlfY`K0Jl{YnYZK!^oW!$Y`GIK_[,YZK!^ZJ|K* X_bl{Y`K
WnYZlfY`K*W!¤VWYolf^`Y`_[I}p^ZdtJY`GIKD_[m_ªYZ_ltm©m^oWnY}t\mKWZW!¤, XdM[IdtY^ZKlfUJl{Y`Y`K^dt^ X_&K^`K[,Y`_bl{Y`_dt[(jgY`\mltUt¤
YZGIK!^ZKMlf^ZKpJlf[VUj!KtK^$WYZ^ZlfY`K!}6_K*WY`d²j!dtJiI\XYZK¨Y`GIK XK!^Z_{lfY`_tKW¤mlt[m 0KW`i2K*jg_blfU²Y`GIKM}6^Zl6 X_K![,Y¤Idt
lt[¯_Y`K!^ol{YZ_6KO^ZKW`dt\XY`_dt[E³D[IKQ¥l8UYZd<V_K!¥_Y_bWY`djgd6[mWn_b XK^YZGml{Ydt[IU|Y`GIK¨bltWnY¤Xjgd6[VtK!^Z}tK* WYol{Y`K
JlfYnY`K^ZWQI ^`K*Wnd6\IY`_dt[£_ªYZK!^ol{YZ_6K!U}6d,K*W^ZdtJ _[I_Y`_blfh}t\IK*W`WDWYol{YZK$?pY`djgdt[V6K!^Z}tK 0WnYZl{YZKI¤2Y`GIK
d6^`¥lf^o  W`¥K!K!idtYZGIK^`KtK^ZW`KJdX XK¯ XdVK*Wp[IdfYM[mK!K :YZd=tK!KiCY`^oltj>= dtlt_[,Y`K^`JK I_lfY`K{lf\IKW
 I\I^`_[I} WnY`KimW$?YZd 6 %  I Yj!lt[ =tK!KiCY`GIK¯bltWnYWnYZlfY`K¶dt[mU6¤(lt[m CY`GIK²umltj>=V¥lf^o :W`¥KK!i¥_
j!dtJiI\XYZKQY`GIKMl6 8edt_[,YZW_Y`K!^ol{YZ_6K!U²WnYZl8UV_[m}d6[0WnYZlfY`KI
FGI_bW_W²[IdfY¯YZGIK d6[IU WnY`^ol{YZK!}tU l8{lf_ltuIK6¤lf[m  YZGIK!^ZK lt^`K WnY`_Q^ZKW`Klf^ojoG iI^`d6uIK!JW¯_[ Y`Gm_W
a,\IK*WYZ_d6[,{x,¤( <   GId6^OKbIltJ|imKpYZGIK<^ZKW`dt\XYZ_d6[£Y`GmlfY$YZl =tKWOiIbltjgK X\I^Z_[I}²KltjoG¶_Y`K^ZlfY`_dt[¶WnY`K!i _W
im^`d6umlfuIU¯¥K!lt mlfiXYZK 0dt^DWnd6V_[I}|Y`GIK<WnYZlfY`K6¤mum\XYO[IdtY`GI_[I}¯iI^Zd{tK*W_ªYoWOlt {edt_[6Y$_bWYZGIKMu&KWnYdt^
W`dtV_[m}<YZGIKMlt 8ed6_[,Y$WnYZl{YZK ³OYZGIK!^$WnY`^ol{YZK!}t_KW\mW`KMl X_&K^`K[6Y$W`dttK^d6^Y`GIKMl6 8edt_[,YOWYol{YZKt
IÈ[ lf[VU jltW`Kt¤YZGI_bW XKj!_W`_d6[ _bW\Ii Y`dCYZGIK£K![m V¾ \mW`K!^* O[ OYZd,d6J<\mWnY¯GIK!i Y`GIK¶\mW`K!^uVU
im^`d{V_b X_[m}:YZGIK:l6 8edt_[,YZWdtpumltW`_j£um^`_bj>=XWdf¨Y`GmK _ªYZK!^ol{YZ_6K¶iI^`d6}t^olfJ£¤lf[m  uVU KgY`Y`_[I} d6i2K[ Y`GIK
joGmdt_bjgK dtQYZGIK:WnY`^ol{YZK!}6U Y`d }t\IK¶YZGIKW`K:l6 8edt_[,Y²uI^Z_j>=XWYZdt}6KgY`GmK!^* FGI_W²_W0W`_}tG,Y`U J|d6^`K Y`Gmlt[
¥G2l{YY`GIK<uIl6j>=,¾ u&dib¯JKjoGmlt[I_W`J jlf[0iI^`d{V_b XKtEFGIK^`K!dt^ZKt¤X\I[,YZ_ I_^ZKjgY`_tKWKdbX_WnYdt^Y`G2l{Y¤&Wnd6JK
G2lf[m V¾ÈjgdX X_[I}|¥_u&Kp[IKj!KWZW`lt^`U6
ÒIÉ0Ù_jlk\m\k\k
xfr  iZ>U[	 a, Z
	
  1  M A¼¼*  » µ   ½ ¸*¸	 ½ ¸	    ¸ {X ¼ 
 d6[mW`_ XK^|l dVd6i ¥GId6W`K0_ªYZK!^ol{Y`_dt[2W<lf^ZK²_[m XKi2K[m XK[6Y*¤_  K6Y`GIKU jgd6\I  u2K¶ Xd6[IK²_[ lt[,Ud6^Z XK^
IÈ[ Y`GI_bWWnK*j¡YZ_d6[¤¥Kj!lt¬n_ªYZK!^ol{YZ_d6[V­¯KltjoG _[mWnYZlt[mjgK0dfYZGIK£dVd6i u2dX XU6 cE^ZKjg_bW`K!Ut¤W`\IiIi&d6W`Klt
YZGIK¯_[mWnY`^Z\mj¡YZ_d6[mWM_[Y`GI_bWMdVdti lt^`KK!_Y`GmK!^   ^	  Xd6^  U	 Z   ^`X>a [	KU	lZo  ltY`GIK*WnK¯dVdtimW
  ¾ dVd6imW!FGI_bWMj!l6WnK|_bWpJdt^ZK<^ZKa,\IK[6Y¨YZGmlf[_Y<WnKK!JW :plt   [Xd^]Z_[ [ Xd^DdVdtimW¨d6[:JKW`GIK*Wplf^ZK
  ¾ dVd6imW! I Yjlf[¯u&KOW`GId{¥[Y`GmlfYlt[  ¾ d,d6i_Wimlf^olfK! ¤6lf[2 Y`GmlfY_YZWlt 8ed6_[,YdVdti¯_bWimlt^ZltK!IY`dVdm¤
W`d|Y`GmlfYY`GIK¨Y¥ddVd6imWj!lt[u&Kp\mW`K 0_[6YZdl|W`_[I}tKpdVd6iFGI_bW_W$W`GId{¥[0dt[©m}t\m^`Kps6vII (¥Kpj!lt[
h[  ha _^`a  " h^`U X>a 
%	 9  Y  
 U a 	 
76%
%	 9  1Y
 U a 	 
76%
 %	 9  Y  
 U a 	 
 U a 	 
76%
Gh_}t\m^`Kps6v6:³DiXY`_J_°*l{Y`_dt[0dfElt {edt_[6Y+I`I ¾]cd,d6imW
Jlt[mlf}6KYZd¶Jd{tK|Y`GIK   ¾ dVd6ie\2WYMu&Kgd6^`K_YZWlt 8ed6_[,YpdVd6i¤h¥K^`K*ltjoG:Y`GIKWYol{Y`Kd6[CY`GIKKgµY<dt
©2}t\I^ZK$s6vI´SV_[mj!K$Y`GmKY¥d<dVdti2Wlf^ZKimlf^olfK!mlt[m dti&K!^ol{YZKdt[YZGIKDWZlfJK_Y`K!^ol{YZ_d6[¯Wni2ltjgK6¤fYZGIK!Uj!lt[
u&Kp\mW`K  ltW$W`GId{¥[£dt[£YZGIK<^Z_}6G,Y$df´©m}t\m^`KMs,vXFGIK<l6 X{lf[,YZlt}tK¨_W$Y`GmlfYQlt.YZGIK<JKJ|d6^`U\mW`K 0Y`d
WnY`d6^`KOY`GIKDYZlti2K6¤X_? Kt´YZGIKQ_[,Y`K^`JK* X_lfY`KQ{lf\IKW X\I^Z_[m}<YZGIKQdt^Z¥lt^Z W`¥KK!i  UDa  	 D_bW_JJK I_lfY`K!U
\2WnK* : X\m^`_[I}£Y`GmKumltj>=V¥lf^o  Wn¥K!Ki  UDa  	 |Y`GmlfYpdtd{¥$Wplt[m :jlf[CY`GV\mW¨u&K^ZK!\mW`K :dt^¨YZGIK[IKdb,Y
_Y`K^ZlfY`_dt[pFGIKJK!Jdt^ZU¶jgdt[2Wn\IJiXYZ_d6[ _bWQ^`K* X\mjgK* ¶uVU¶l¯Al6j¡Y`d6^  ¨FGmK^ZKW`\IY`_[I}j!dV IK_bWOKtK[
Al6WYZK!^ X\IKQY`dlu2K!YnY`K^dXj!lt_YU¯lf[2 ²lM^ZK I\mjgK* ²W`¥ltiIiI_[I}mEP£dt^ZK!d{6K!^*¤6 XK*lt lt 8ed6_[,YjgdX XK¨j!lf[u2K
^ZK!Jd{6K ^ZdtJY`GIKpK[m 0df  UDa  	 {
O}6lf_[¤,Y`Gm_W_bWYUViI_bj!ltU¯led6u¯dt^ X_^`K*j¡YZ_6KW.8Kgd6^`KOY`GI_bW_W Xd6[IKt¤,Y`Gmdt\I}6G¤VGIK!^ZKO_bWlM^ZKltW`dt[I¾
ltuIKimlf^`Y`U:lt\XY`d6JlfY`K* :_JiIK!JK![,YZlfY`_dt[ :<_[YZGIK¯dt^Z_}t_[mlfEiI^Zdt}6^ZltJ£¤jg^ZKlfY`K¯l¶W`\IuI^Zdt\XYZ_[IKYZGml{Y
j!dt[,YZlt_[2W$dt[mUY`GIK È¾ dVdti	IÈ[mWn_b XKpYZGI_bWDdVdti¤±jg^ZKlfY`K<l²Wn\Ium^`d6\XY`_[IKMYZGml{Y¨jgd6[6Yolf_[mW  UDa  	 {QFGm_W
JdX X_©mK Wnd6\I^ojgKQ_WW`=tKgYojoGIK ¯_[Y`GIK¨KgµY$jgd6\mJ|[df©2}t\I^ZKQs6sI´FGIK![£j!lt 6II.h YZdi2K^nd6^`J
^ZK!6K!^oWnKOFGIK£^`K*Wn\IY_WW`=tKgYojoGIK  _[ Y`GIK0J_ m XK¶j!dt\IJ[ dfD©m}t\m^`K0stsI ³Du2WnK^`6K¯Y`G2l{YY`GIK
dVdti£_J|JK* X_lfY`KUiI^`K*jgK* XKW_YZWDlt 8ed6_[,Y*¤mlfimlt^nY^ZdtJl|Y`^Z_V_blf7 6!!±VFGmK!^ZK¨j!dt\Ib £u&K<Wnd6JK
_[I_Y`_blf_°*l{YZ_d6[mW´df± XK!^Z_{lfY`_tKW´u&KgY¥K!K[<YZGIKY¥dQdVdtimW:Xe\mWnYJd{tKY`GmKW`K_[I_Y`_blf_°*l{YZ_d6[mW´u2K!dt^ZKY`GIK
©2^ZWnYdVdti³DumW`K!^ZtKQlfbWnd<Y`GmlfYYZGIKQj!dX XKOd6^V Y"T|lt^ZKl6 XUu2K[IKg©mYZW^`d6J XKl6 ¯lt {edt_[6YjgdX XK
K_J_[2l{Y`_dt[¤ltWDY`GmKl6WYp_[mWYZ^`\2j¡Y`_dt[:df  Y²G2ltWQu2KK![^ZK!Jd{tK* .FGIK[Cj!dtJKWDYZGIKJlf[V\mlf
WnY`Ki¤¥Gm_joG _WY`d^ZK!Jd{tK²Y`GIK0_[m X_bj!l{YZK  _[IK*W_[ Wn\Ium^`d6\XY`_[IKT*!Y*.¤.YZdCd6uXYZlt_[ Y`GIK£^Z_}6G,Y
j!dt\IJ[ df©m}t\I^ZK<s6sI¨FGI_WD_bWDlWnJlf(K![Id6\I}tG JdX X_©2j!lfY`_dt[ KtK[ _ª_ªY¨J<\mWnYDu&K|^`Ki2K*l{Y`K*  l{µYZK!^
K*ltjoG£ X_&K^`K[6YZ_lfY`_dt[EFGIKp^ZKW`\IY`_[I}jgdX XKpK!Ju2K* IWY`GmKpdtiXYZ_J_°l{YZ_d6[£dfYZGIKMlt {edt_[6Y
  ¾ dVdti
ÐÑ(ÒÐµÓ
 	
 xX
¼ ) -     *  ¼- {   ¸,&¸ { ¸  ¼ ½ ¸  ¸,&¸ { ¸  ¼ ½ ¸     ¸ 
      *  ¼,2¸  ¸	 
"
 , 0"1";T)ZJ+  5M&-
"
#! "$%&!'G0"1";T)ZJ+  5M&-
"%#&$1'8N'1  V5M&
I"  3)*5M&
 N,Q"I!:T)ZJ+  5 -'1&!I!I"
'1&!I
#! "$%&!'G"I!:T)ZJ+  5 -
"%#&$1'8N'1  
"E&6@V+ - 3 E	&6@V+ - 7 0
'1&!I
"
 , 0"1";T)ZJ+  5M&-
"
 , 0"1";T)ZH+  5M&*-
"
#! "$%&!'20"!";T)ZH+  57&*-
"%#&$1'8N'1  V5M&
I"  3)T57&
 N, ;N.B "
 N, "I!:T)Z3+  5 -'1&!I!I"
AN/10!0 ;1B.%&$N'8N'! 	!J+  )1-
AN/10!0 ;";.%&$1'8N'! 	!+S,1KH? -
I"  3!,1KH? 35	)*5 )
 N, ;"; 
 N, "I!:T)Z!H+ " 5 -'1&!I!I"
'1&!I
#! "$%&!'2"I1:T)ZH+  5 -
"%#&$1'8N'1  
"
0= 3 0N=87RE	&6@L=+ -
"'1&!I
"
 , 0"1";T)ZJ+  5M&-
"
 , 0"1";T)ZH+  5M&*-
"
#! "$%&!'G0"1";T)ZH+  5M&*-
"%#&$1'8N'1  V5M&
I"  3)T57&
 N,Q"I!:T)ZH+ " 5 -'1&!I!I"
'1&!I
#! "$%&!'G"I!:T)ZH+  5 -
"%#&$1'8N'1  
"
0= 3 0N=87RE	&6@L=+ -
"'1&!I
G(_}6\I^ZK¨s6s6:Ec´lf^`Y`U²lf\IY`dtJlfY`_bjD^ZK!6K!^oWnKQ X_&K^`K[6YZ_lfY`_dt[0dt^
  ¾ dVd6imW
ÒIÉ0Ù_jlk\m\k\k
xtv  iZ>U[	 a, Z
	
                
 
          À	     
    
CKpjgd6[mjg\m XKQY`Gm_W\2WnK^ W}t\I_b XK¨df thII.h u,Ula,\I_bj>=² XK*W`j!^`_iXY`_dt[0df =V[Id{¥[im^`d6uIKJW!¤Xlf[2 
Gmd{¥ ¥KiIlt[Y`dMl6 I X^ZKWZW(Y`GIKJ_[|Y`GIK$[mKbVY^`KK*ltW`KW CKOlf^ZK[IdfYEYolf =V_[I}pGmK!^ZK$lfu&dt\XYEYZGIK$uI\I},WE_[
6II ¤&¥GI_bjoG dfj!dt\I^oWnKpKdbX_WnYQltJ|d6[I}Y`GmKx{rr6rtr_[mKWDdf 1 )36 Wnd6\I^ojgKtk$lfY`GIK^¤&¥KpdXjg\mW
d6[ J_WZWn_[I}¶\m[mj¡YZ_d6[mlf_ªYZ_K*W! :K0Wn\I}6}tK*WY<U6dt\ joGIK*j>= YZGIK 6II ¥K!u W`_Y`K¯YZd =V[Id{¥§¥GI_bjoG
[mK!¥\m[mj¡YZ_d6[mlf_ªYZ_K*W$lfimi2K*lf^ZK 0l{µY`K^Y`GI_bW}6\I_ IKQ¥ltW¥^Z_YnY`K[
        #! !$ 	 	5   5#
 GmK![ l $&'  ' h Wnd6\I^ojgKj!dt[,YZlt_[2W !T6 XW!¤ thII.h ^ZKl6 IWlt[m  \2WnK*WMYZGIK£_[mj!\2 XK²©2K*W!
D\I^Z_[m}Y`GIK<lt[mlfUXWn_bW¤XY`GIK<_[,Y`K^`[2lf^ZK!iI^ZKW`K![,Yol{Y`_dt[£jgd6[,YZlf_[mWd6[IU¯Y`GmK<WnUVJu2d6.YZltuIK*W$uI\m_Y$^ZdtJ
YZGIK XKj!lt^ZlfY`_dt[mWQlf[2  _[mjg\m XK|©mKWFGIK_[,Y`K^`[mltE^`KiI^ZKW`K![,YZlfY`_dt[  XdVK*Wn[ YMjgd6[6Yolf_[ YZGIK|Y`KbVYZ\mlf
 IKjgblf^ol{YZ_d6[mW[mdt^Y`GIK !* jgd6JJlt[m IWlf[VUJdt^ZKt´FGI_bW_bW¥GVUYZGIK¨iI^ZdV I\mjgK* ¯ X_&K^`K[6YZ_lfY`K* 
im^`d6}t^olfJWOG2l8tKl0 IKjgblf^ol{YZ_d6[ imlt^nY¨¥GI_bjoG_Wpj!dtJiIKgY`KU ^`K¥^`_YnYZK![fGId6^pKbIlfJiIK|Y`GIK_[mjg\m XK
©2K*Wlf^ZKO[IdtY\2WnK* ¯YZGIK!^ZK:(Y`GmK!_^$jgdt[,YZK![,YZWlf^ZK 	  	  X aQ_[,Y`d|Y`GmKQ[mK!¥  IKjgblf^ol{YZ_d6[mW(OW`d<YZGIK¨dt^o XK!^
lt[m £WYUVKMdf(Y`GmK< XKj!lt^ZlfY`_dt[mW_bWOjoG2lf[I}6K £ltjjgdt^o X_[I}Y`d 6II.h  WYoltWnY`Kt¤2¥GI_bjoG0_bWOlt^`um_ªYZ^Zlt^`U6
tK![ Jdt^ZK0 X_bWnY`\I^ZuI_[I}m¤Y`GIK£jgd6J|JK[6YoW¥GI_bjoG ¥K!^ZK0lfYnYZl6joGIK  Y`dCY`GIK*WnK£ XK*jgblf^ol{Y`_dt[2Wlt^`K0[Id{¥
¿2d6l{YZ_[m}lfYY`GIKpK[m 0dfYZGIKM XK*jgblf^ol{Y`_dt[0WnK*j¡YZ_d6[¤X¥GI_bjoG0_bW_[mjgd6[,6K![I_K![,Y*
OªYZGIdt\I}6G[IdfYpV_ªYolf´d6^MO¤.Y`GI_bWp_bWpl£WnK^`_dt\mWQiI^ZdtumKJ0¤hlf[m :¥KiIblf[:Y`d£©lb _ªYMuVU =6K!KiI_[m}
l|_WnY$df(Y`GmKpdt^Z_}6_[mlt. XKj!lt^ZlfY`_dt[mW_[IK*W!¤Ilt[m 0\mW`_[I}|YZGIKW`Kpdt^Z_}6_[2lf. XKj!lt^ZlfY`_dt[mWYZd|im^`dX X\mj!K¨Y`GIK
[mK!¥  I_ª±K!^ZK![,Y`_bl{YZK £W`dt\I^ojgKQiI^Zdt}t^olfJ£
    5   5
CKJK![,Y`_dt[IK* :W`K!6K!^olfhY`_JKWQY`GmK|[mK!K  dt^)a!	^`X [	 X\Z¡¤YZdKgYpYZGIKK![m X¾ \mW`K!^¨}6_6K|l6 I X_Y`_dt[mlt(_[X¾
d6^`JlfY`_dt[CY`d tIm.  O_^`K*j¡YZ_6KW<lt^`K_[,Y`K^`K*WYZ_[I} u2K*j!lf\2WnKYZGIK!U jlf[ iI^Zd{V_ XK_[Xd6^`Jl{YZ_d6[
^ZK!bl{YZ_6KQY`d¯l}6_6K![0dXj!lfY`_dt[£_[£Y`GIK<W`dt\m^Zj!KtGm\I^nYZGIK!^ZJdt^ZKt¤XYZGIK!U^`KJlf_[0_[£Y`GmK<Wnd6\I^ojgK¨iI^Zdt}t^olfJ
¥GmK![0_ªYO_bWJdX X_ª©2K .¤Iim^`d{V_b X_[m}|j!\IJ<\Ibl{YZ_6KpOB=V[Id{¥K X}6KD_[,Y`dYZGIKMWnd6\I^ojgK¨jgdX XKt
CKMlf^ZKOYZGI_[ =V_[I}ltu2d6\XY$WnKtK!^olf&\mW`KWdt^$ I_^ZKjgY`_tKW¤XWn\2joGltWdXj!lfY`_[I}|W`i&Kjg_blf.im_K*jgKWdt(jgdX XK
_ =tKM_Y`K^ZlfY`_tKp^ZKW`dt\XY`_dt[mW<«  WnK*j¡Y`_dt[ <m sm wV®¡¤   ¾ dVd6imW<« W`KjgY`_dt[ <I sI Ft®g¤I_[IK*lf^Ddt^Olt\XY`dt¾ l6 8edt_[,Y
\m[mj¡YZ_d6[mWM«  WnK*j¡Y`_dt[ <I sI s6®g
FGIK<J|d,WY$_Ji2d6^nYolf[,Y$\mW`Kpdf X_^`K*j¡YZ_6KW¥_hu2K¨YZd² X^Z_6K X   U	 V[	  fFGIKpim^`K*WnK[6Y 6I -
 W`UXWYZK!Jl{YZ_jlfU£joGIK*j>=,i&dt_[,YZWOKltjoG¶im^`dXjgK* X\I^ZK<j!lt DFGm_W¨joGId6_j!K<WnGmdt\Ib ¶u&K<JdX X_ª©&lfuIK<uVU
YZGIKpK![2 V¾ \2WnK^YZdYZl =tKplt X{lt[6Yolf}6KDdtY`GmKp^`KlfY`_tK¨ X_ª±K!^ZK![,YOj!d6WnYZWdf(Kl6joGiI^ZdXjgK* X\I^ZKt
D_^ZKjgY`_tK*W¥_u&KMl88lt_blfumKQ_[0YZGIKp[IKbVY$6K!^oWn_dt[mWdf 6II.h 
        O	
  

Gmdt^YZGI_W6K!^oWn_dt[ dt[¤ thII.h ltj!j!K!iXYoW $&'  ' 0/+/ lt[m  $&'  ' )(2* l6W_[Iim\XY Cdt^ = Y`d
l6j!j!K!iXY 4¶l6Wlf[0_[miI\XY$blf[I}6\mlf}6KD¥_hWYolf^`YW`dVdt[
ÐÑ(ÒÐµÓ
 	
 xfs
³D[£YZGIK<dtY`GIK^$Gmlf[2 .¤2KdbVY`K![2Wn_dt[0Y`d²dtuXeK*j¡Yn¾ dt^Z_K![,Y`K* blf[m}t\mlt}tKW_bW$[mdfYOU6KgYDlim^`_dt^Z_ªYU6FGm_WO_W
WnY`__[Y`GmKp^`K*WnK*lf^ojoGlf^ZKl|lf[2 ²¥_[IdfY$u&KMl8{lf_ltuIKQ_[£ld6^`K*WnKKlfumKD\XY`\m^`K6
SVKtK^Zlt\mW`K!^oWpltW`=tK :d6^<l£tK^ZW`_d6[:dt thII.h ^`\m[I[I_[I}¶dt[  µ &  	f£FGI_WWnGmdt\Ib u2K
l8{lt_blfuIKQtK!^ZU¯W`d,d6[
     #   	 	!    #   #
Gm\I´D§dt[ $<&)'  ' )(+* Wn\Iimi2d,WnK*WOi&dt_[,Y`K!^plt[mlfUXWn_bW!¤±lf[2  lf[:KbVY`K[mWn_dt[ dfYZGIK|D§JdV IK!bWOd6[
im^`d6}t^olfJWYZGml{Y$\2WnKp XUV[mltJ|_bjplfdVjl{YZ_d6[(FGm_W_bW[IdtYO Xdt[IK¨U6KgY
 GIK^`K*ltWMY`GIKYolf[I}6K![,Y<JdX XK Id,K*WM[IdtY<i&d6W`K¯Jl{edt^<iI^`d6uIK!JWpd6^<iI^Zdt}6^ZltJW¨¥_Y`G i2d6_[,Y`K^ZW
lt[m ¯ltdXj!l{YZ_d6[¤fYZGIK!^ZKDlt^`KOiI^`d6uIK!JW_[Y`GmKD^ZK!6K!^oWnKJdX XKtGmdt^KdbIlfJiIKt¤,GId{¥WnGmdt\Ib ¥KDGmlf[2 XK
lJK!Jdt^ZU  XK*lfdXj!lfY`_dt[ _[:Y`GIK^ZK!tK^ZW`KMJdX XK D\I^`_[I}0Y`GmK|^ZK!6K!^oWnKWn¥K!Ki¤±Y`GIKJK!Jd6^`U¶J\mWY
u&K²^ZKltdXj!lfY`K  W`dtJKGId{¥p¤Elf[m  Y`GIKi2d6_[,Y`K^ZWJ<\2WY|i2d6_[,Yumltj>=C_[,YZd Y`Gm_W|^ZKlfdVjl{YZK JK!Jdt^ZUt
G(_[m X_[I}Y`GmKpJ|d6^`KQK"#¯j!_K[6Y$¥l8UY`dG2lf[m XKQY`GI_bW_bWWYZ_lt[0d6i2K[im^`d6uIKJ£
  
     U5 # 
 	!$!  

CKOJl6 XKO6K!^ZUK¥ Y`K*WYoWd6[¯imlf^olfK!mim^`d6}t^olfJW!($iIi2lf^ZK![,Y`Ut¤ tmI.h  XdVKW[IdtY X_&K^`K[,Y`_bl{Y`K
lt&Wnd6^nYoW´df.imlt^ZltK!Iim^`d6}t^olfJW!(FGI_bWtK^ZW`_dt[vXGmlf[m IK*WEY`GmK$tK*j¡Y`d6^`_blfm[IdfYol{Y`_dt[dt $&'  ' (+*
d6^Y`GIK¨Jd6WnY^ZKa,\IK[,YjltW`KW 6II.h j!lf[0lfbWnd|\mW`KDim^`K,_dt\2W¥dt^ =  zm¤Ix ¥_ªYZG4&  	 	 m r 
d6[¶ X_ª±K!^ZK![,YZ_lfY`_[I}iI^Zdt}t^olfJW¥_Y`G >D jgdtJJ\I[I_bj!l{YZ_d6[mW 8\XY$YZGIK!^ZKMlf^ZKpiIK![,YU²dtEjltW`KW¥GmK!^ZK
i2lf^olfK&im^`d6}t^olfJWlt^`K¨[IdtYY`^ZKl{YZK 0¥K!?
Gmdt^OKdbIlfJiIKt¤ 6II  Id,K*W$[IdtY`GI_[I}YZd=tKK!i£YZGIK X_±K!^ZK![,Y`_bl{YZ_d6[¶dflimlt^ZltK!dVdti¶imlt^n¾
ltK!   dt[2Wn_b XK!^Ml£dVdtiC¥_ªYZGY`GIK¥K! =V[Id{¥[ 4.'   I_^ZKjgY`_tK   /±¤±J|K*lf[I_[I}£YZGml{Y<l£dVdtiC_W
6KjgY`dt^Z_°lfumK6:FGIK0 X_ª±K!^ZK![,YZ_lfY`K  dVd6i _[ Y`GIK0^`KtK^ZW`K¯JdX XK0W`GId6\I  u2K0tK*j¡Y`d6^`_°ltuIK_[ J|d,WY
jltW`KW 	$d{¥K!tK^¤ 6II.h ¥_iI^`d6umlfumUGml86K²_[mWnK^nYZK  WnKtK!^olfj!ltbWMYZd  ¶lt[m !V¤
¥Gm_joGJl_=6KYZGIKd,d6i[Idt[X¾ imlt^ZltK! FGI_bWEiI^ZdtuIK!J j!lt[u&KOW`dttK uVUjoGmlt[I}t_[I}DY`GIKO¥l8U¨YZGIKYZlti2K
_bWWnY`dt^ZK _[mWn_b XKpimlt^ZltK!±dVdtimW
    	 #!       <      
 
FGmK: plf[2  !MWnY`^ol{YZK!}tU|YZd|WnY`d6^`KOY`GIKQYZlti2K¨lf[2 Y`GmK¨W`[mltimWnGmdfYZW_bW^ZK!bl{YZ_6K!UtK!^oWZl{Y`_KDlf[2 
^Zdtum\mWY* 	Od{¥KtK^<_[ Jlf[VU j!ltW`KW_Y|_bW<[mdfY|Y`GIK0Jd6WnYK"#¯j!_K[6YlfimiI^`d,ltjoGCYW`dtJKdXj!lfY`_dt[mW
_[£Y`GmKMiI^Zdt}t^olfJ£¤XdtY`GIK^DlfimiI^`d,ltjoGIK*Wj!lf[¶u&KMiI^Zdti&d6W`K ¤IiI^ZdtumltuIU²Y`^Z_}6}tK^`K* ²uVU£ X_^ZKjgY`_tK*W! GI^ZdtJ
Jd6^`K¨^ZdtuI\mWnYY`dJdt^ZK¨K"#¯jg_K![,Y¤X¥KpJ_}6G,Y:
 \mW`KE Mlf[m  !M_[£lf[£KbVY`K^`[2lf±JK!Jdt^ZU²lfdVjl{YZK 0 XUV[mlfJ_bj!lfU
 \mW`KE Mlf[m  !pYZdWYol{Y`_bj!ltU²ltdXj!l{YZK JK!Jdt^ZUt
 ^`KiIbltjgKQYZGIKEMlf[m  !Mu,UltWZWn_}t[IJK[6YoWY`ddVjlfWnY`d6^Zlt}tKDlt^`^ol8UXW!
 \mW`K|W`K!KjgY`K  8lt^`_blfumK*W$_[CSV_[I}tKg¾ÈOWZW`_}6[IJK![,YDJdX XKt¤±_  K6¨\mWnK|[IK¥p¤± I_ª±K!^ZK![,Y¨8lt^`_blfumK*WY`d
l8td6_ ²d{tK!^Z¥^Z_ªYZ_[I}2SI El|{lf^Z_ltuIK¨_bW[IK!6K!^d{6K!^Z¥^`_YnYZK![¤6Y`GIK^`Kp_bW[Id[IKK ²Y`d¯WZl8tKQ_ªY*
ÒIÉ0Ù_jlk\m\k\k
x{w  iZ>U[	 a, Z
	
P£d6^`KO}tK![mK!^olfU6¤fY`GmKDlfY`K^`[2l{Y`_tKOSVY`dt^ZKg¾È$2ltiIiI^Zd6l6joGW`dtJK!Y`_J|K*W}6_6KWEu&KgY`Y`K!^i&K!^`dt^ZJlt[mjgK*W!
IÈ[0dt\m^^ZKW`Klt^ZjoGltj¡YZ_V_YUt¤V¥K¨lt^`KQ_[,6KWnY`_}6lfY`_[I}<d6iXY`_Jlf±Y`^olt IKg¾ df.Wu&KgY¥K!K[k$lt[m £SX WYZ^ZlfY`Kg¾
}6_K*W!¤V¥GIK^`KQWnd6JKD{lf^Z_blfuIKWlf^ZKDWnY`d6^`K* ²lf[2 ¯dfYZGIK!^oWlf^ZKD^ZKj!dtJiI\XYZK .¤Xltjjgd6^Z X_[I}pYZdiI^`d6i2K^nYZ_K*Wdt
YZGIK Il{Yol{¾ ¿md{¥ dt^¨ Il{Yol{¾È XK!i&K![m IK![mj!K<}t^olfimGmW!QFGI_bWDJl8U£^ZKW`\IªYQ_[:[IK!¥ \m[mj¡YZ_d6[mlf_ªYZ_K*WQdf 6I -
 _[0YZGIKpd6[I}^`\m[
   (   
p<OGIdm¤{kpSXKgY`Gm_?¤{lf[2   NOJlf[ U! .	  X^>Z  Q^
	  	  XZ  lX   2	 lXZ 	 af VUDU	 Z¡t I I_W`dt[X¾
CKW`K!Ut¤ <tzLCI
 vMP 8K!^Z°t¤  8_bW`joGIdt¤m|  dt^Z_WZW!¤Xlt[m £M2Q^Z_K¥lt[ =±¤VK X_Y`d6^ZW  UA [  [	KU	  h
 	 Xd^`X
V[	  
[	KU	   lX   2	 lXZ ;  	   [	KU	lZ	 a  VU U  Z¡SIDP¤&cEGI_l6 XK!iIGI_blI¤Ic±<¤ <L< Cm
 s!MP  8\IKj>=6K!^*¤|  dt^Z_bWZW!¤c( 	Od{Vlt[m .¤N<LOlt\IJlf[I[¤lf[m  8QL$d6^`^Z_W¤K* X_Y`dt^oW  
e	

 UiZ\[  U  Xd^`X
 >X ; X "	   U   X [	KU	2ecK*j¡YZ\I^`K|L$dtY`KWQ_[  d6J|im\XYZlfY`_dt[mlt´SXj!_K[mjgK|lf[m  E[X¾
}6_[mK!K!^Z_[I}mmSVim^`_[I}tK^¤Ivtrtrfw2YZd¯lfiIi&Klt^
 w;p<  lf^ZK|lt[m CP NGmlt}6lf[O	I G(³Qk§sm rd{tK^`V_K!¥pFhKjoGm[I_jlfEkKi2d6^nY  OQP0¾ÈFk¾ r6r{¾Èr6vI¤
k$_j!KMN$[I_tK^ZW`_ªYU6¤mvfr6rtrI
 FM|  dt^Z_WZW!¤  G Gmlt\I^`K6¤MQ^`_K!¥lf[ =±¤+c 	Ol6W`j!d!Y¤lf[2  NMLOlf\mJlt[I[¤K* X_ªYZdt^oW!6  [ U
 [	 
 	 Xd^`Xl[	  [	KU	 U    U ^
	[,Z   T^`U! 	  _[	KU  []U  V[		 [	KU	2  dtJiI\XYZK!^$lf[2 
IÈ[Idt^ZJlfY`_dt[¶SXjg_K![2jgKt&SViI^Z_[I}6K!^*¤XL$K!¥ dt^ =±¤IL |¤2vfr6rIt
 C!7G  d6\I^`YUt¤IMIDK!^ZV_K\ b.¤68Q OdVd6uI\mW¤Vlt[m /c 	Ol6W`j!d!YEkK!6K!^oWnK¨lf\IY`dtJlfY`_bjD X_±K!^ZK![,Y`_bl{YZ_d6[
d6^hd6iXY`_J<\mJ  IKW`_}6[ :.^ZdtJlt 8ed6_[,YhWnYZlfY`KltWZWnKJ<uIUOYZdO}6^Zl6 X_K[,Yhjgd6J|im\XYZlfY`_dt[ h[	 	 [	KU	
 Xd[  U a Z 	 a  U >[ 7 _^`X!¤z2« F6® : CIDF C,v6xV¤,vfrtr6sI
Íx pc(D\XY`Y`dm¤   Gmlt\I^`K6¤lt[m PG(_b Ilf[Id{{lS± O\XY`d6Jl{Y`_bj0 X_ª±K!^ZK![,YZ_lfY`_dt[ lf[m  imlf^olfK_bW`J0PIÈ[
Q^`U >X>X>a	   Z,U     [	 	  	haf¤D< < <m
 z!  G G2lf\I^ZK²lt[m  c(EO\IYnY`d2 b,YZK![mW`_dt[ dtQ³Q XUXW`W`]!KYZd YZGIK0P cIM_uI^olf^ZU:¾¨kKtK^ZW`K¯JdX XKt
FhKjoGm[I_jlfkKi2d6^nYOsVxtx{wm¤ILOk+I<¤ <L< <m
 <!  G G2lf\I^ZK lf[2  NMLOlf\mJlt[I[P¶_[I_J_°_[m} Y`GIK YZlti2KCWn_°!K6BIÈ[ |  d6^`_bW`W¤  G G2lf\I^ZKt¤
<Q^`_K!¥lf[l=&¤ c 	DltWZjgdgY*¤±lt[m  N<LOlt\IJlf[I[¤±K* X_ªYZdt^oW!¤N  [ U [	 #
 	 X^ X
V[	 _[	KU PU 7  
U ^
	[,Z   H^`U! 	   [	KU	[ U  V[		 [	KU	2¤  dtJiI\XYZK!^lf[m IÈ[Idt^ZJlfY`_dt[²SXj!_K[mjgK6¤XjoGmlfiX¾
YZK!^Ostwm¤Vimlt}tKW$v <tsXv_<6zIVSViI^Z_[I}6K!^*¤IL$K¥ dt^ =±¤IL |¤2vfr6rIt
r!  GQG2lf\I^ZK lt[m  c´lfi&K!},l8Ut³Q XUXWZWn]K NOW`K!^* W0Q\I_b XK6 EDK!^oWn_dt[6ÍxXFhKjoGI[I_bj!ltDkKi2d6^nY
k´FXr6vtvfwm¤ILOk IM¤2SVd6iIGI_bl{¾È$[,Y`_i&dt_W¤ GI^olf[mj!Kt¤.D< <tzm
t¨kMhQ_K^`_[I}2    <X
V[  	 hX  ^  ha!ea 4dU!	 l[ UDa X  U! .	  X^NZdXd^>Z  	ª  K![,Y`K^¨dt^
Qdtu2lf  G2lf[I}6KSXjg_K![2jgKW¤EOKimlf^`Y`JK[6Y|df lt^nYZG¤EY`Jd6W`iIGIK^`_bjf¤Elt[m  cEblf[IK!YZlf^ZU SXjg_K![mj!Kt¤
PIF¨¤ <L<,xV´N$[miI\IuI_W`GIK*   \I^ZG,YnYZi :  8¥¥¥p lf\XYZdX X_ª´ jgdtJ 8YZlfJj" 
ÐÑ(ÒÐµÓ
 	
 x F
*v¨kMQ_K!^Z_[m} lf[m  F¨plfJ_[mW`=,_  QK![IK^ZlfY`_[I} ^ZKjgd6JiI\XYZlfY`_dt[mW¯_[^ZK!6K!^oWnK£JdX XK:D<IÈ[
|  dt^Z_bWZW!¤  GVGmlt\I^ZKt¤m<±Q^Z_K¥lt[ =±¤ c 	OltWZjgd	gY*¤mlf[m ¶N<2LDlf\IJlf[m[¤mK* X_ªYZdt^oW!¤   []U! _[	 

 	 Xd^`Xl[	  [	KU	U    U ^
	[,Z   T^`U .	   [	KU	 []U  V[	 	 _[	KU m¤¨joGmlfiIY`K!^£stsm¤$imlt}tKW
vtztsXv_<mtXSViI^Z_[m}tK!^QE K^`blf}2¤ 	$K!_b XKu&K!^Z}m¤mvtrtr6vI
s!pP  ¾ 8QtQ_KW2 8ed6_[,YEJKgYZGIdX IW´dt^EltK!^Zdt[mlt\XY`_bj!ltV IKW`_}6[ IÈ[) ^`U X>X>a	   Z	U Q[  X     ! 
  
 U  Xd^`X >Xg¤±vfr6rIt
!w;¨<±Q^Z_K!¥lf[ =±joGI_K!V_[m}¯d6}6lt^`_Y`GIJ_bj¨}t^Zd{¥Y`G£df´YZK!Ji2d6^Zlthlt[m  W`iml{YZ_ltjgd6J|imKdbV_YU0_[ ^ZKg¾
6K!^oWnKplt\XY`d6JlfY`_bj¨ X_ª±K!^ZK![,YZ_lfY`_dt[  V[	 	 _[	KU   Xd[  U a Z 	 a HU >[ 7  ^`X!¤,«*® : sF  F{wm¤& <L<6vI
OW`dltiIi&Klf^ZK l6WcE^ZK!iI^Z_[6YP  S	XcvtvtzVrtwL<mt¤fP¶l{YZGIK!JlfY`_bj!Wlf[m   d6J|im\XY`K^SXj!_K[mjgKQO_V_ª¾
W`_dt[¤mO^`}6dt[I[mKQLDl{Y`_dt[2lfTcltu2d6^ZlfY`d6^`U6¤,O^`}6dt[I[IK6¤ IÈ ¤ <L<It
DF¨<(Q^Z_K¥lt[ =±! 		 _[	  /
4Xd^
	 _[	 X\Z   ^
	  "	   XZ 	 a  VX  	
lXZ!U e  LU_^
	[ <	 
 	 
Xd^`Xl[	  [	KU	2L$\IJu2K^M <_[ Gm^`d6[,Y`_K!^oW_[¶$iIim?±P¶l{YZGmSIDP ¤mcEGI_l6 XK!iIGI_blI¤2c&<¤&vtrtrtrm
 C!¨<VQ^Z_K!¥lf[ =lf[m ¯|  dt^Z_WZW!¤6K X_Y`d6^ZWN  []U! _[	 +
 	 Xd^`Xl[	  [	KU	 U +  U ^
	[,Z  f  X>U ^
"   XfXl[  [	KU	  	 a,  	  _[	KU mS IDP¤mcGI_blt IK!iIGI_blI¤mc±M¤ < <mt
8x ¨<2Q^Z_K¥lt[ =¯lf[m   GlG2lf\I^ZKtEkK* X\mj!K £Q^Zl6 X_K[,YZWlf[2  	OKWZWn_blf[mW^ZdtJ G(_ bXK 0cEdt_[,Y I Y`K!^ol{¾
YZ_d6[0dt^OS,Yol{Y`K a6\2l{Y`_dt[2W!   Xd^
	  h  U ^
	[,Z¡¤2str2«?v6® :ts&*s <I¤,vfrtr,vX
z!Oc 	DltWZjgdgY*¤(N<hLDlf\IJlf[m[¤Elf[m  Ehc´ltWZjg\mlt?¶F8k lf[2lfUVW`_bW¨_[ ^ZK!6K!^oWnK!¾ JdX XKlf\IY`dtJlfY`_bj
 I_ª±K!^ZK![,Y`_bl{YZ_d6[ cE^ZK!iI^Z_[6YOL	c.¾P  S{c<ts Cf¾ r,vfr,vX¤´$^Z}tdt[m[IKLDl{Y`_dt[2lfQclfu&dt^ol{YZdt^ZUt¤vfr6r6vI
ltW`dY 
; U ^\[+a Xe^`X  X^  X    Xd^ 
  ¤lILDk+IM
 <!Oc 	DltWZjgdgY*¤,PLEf°*a,\IK!°6¤,lt[m MVOK^`V_K!\ b.±$\XYZdtJl{YZ_j$D_&K^`K[6YZ_lfY`_dt[|dt^³DiXY`_J<\mJ DKg¾
W`_}t[¤mOiIiI_K* 0Y`d¯SVd6[I_j 8dVdtJ kK X\2j¡Y`_dt[ IÈ[ E< ¨\mJlt^¤mP lc2¨l8V^Z_d{{lI¤     IF(lf[¤
lt[m  c(Hc jg\mUtK!^*¤&K X_Y`d6^ZW¤  U!   [ _[	KU  	  "	KX >X ha \[ Z  	  _[	KU  Z	      	 
Q^`U >X>X>a	   Z7U  [X
l[ X^   [	KU	 	 U  Xd^`X >X7U	 UA [  [	KU	 	  	KX
 >X 	ha	[ ZQ  	   
[	KU	lZ  U l[ ^`X 	   	  a          L _^\[ g¤&6dt\IJK|v C Ctz¯df SX [  ^`X7eU_[]XZ	 
 U!   []Xd^  	KX >Xg¤Xi2lf}tK*WzLF <fw2¤8K^`_[¤mvfrtr6sIISViI^Z_[I}tK^
Ívfr!ILDk+I Fh^ZdtiI_bj!WYZKltJ0 ³D[X¾ _[IK  XdXj!\IJK![,YZlfY`_dt[ dfQY`GmK:F(lfi&K![ml6 XK O Y`dVdt  FK*joGI[I_bj!lf
^ZK!i&dt^`Y \I^ZG,YnY`i+:  8¥¥¥p _[I^Z_blI ^8Y`^ZdtiI_bj!W  
ÍvXOG ¾   cK¨O_JKgYlf[m ³VF(lfblf}t^olf[2 .HElf^Z_lfY`_dt[mlt2lt}6dt^Z_ªYZGIJWEdt^lf[2lfUVW`_bWlf[2 ¯ltWZWn_J_bl{YZ_d6[
dt(JK!Y`K!d6^`d6d6}t_bj!lt2d6umWnK^`{lfY`_dt[mW:YZGIK!d6^`K!Y`_bj!ltltW`i2K*j¡YZWe lX  Z¡¤ms6zt : <,x &6rI¤2 <6z CI
ÍvtvpP 2P£KgYoj!ltªElf[m   mkK!_b . SU ^\[ ^ 	 	
   X "  	  X>a{³bVdt^o ²NO[I_tK!^oW`_ªYU²c^`K*W`W¤. <L< CI
Ívfs!¨N<.LOlf\mJlt[I[¨kK I\mjg_[I}¯YZGIK|J|KJdt^ZU^ZKa,\I_^`KJK![,YO_[ ^ZK!tK^ZW`KpJdX XK|lt\XY`d6Jl{Y`_bjM X_±K!^ZK![X¾
YZ_lfY`_dt[ uVUWnd6V_[I} F8k ¿md{¥§Ka,\mlfY`_dt[mW IÈ[ c(´P(MESVd,dtY¤     hF(lf[¤    hDdt[X¾
},lf^Z^Zlm¤{lf[m |Mt| 	Od,K =XWYZ^Zlm¤{K X_Y`d6^ZW¤  UA [  [	KU	 	
 "	KX >X    !_ N ^`U X>X>a	   ZU 
[X 
l[ X^   [	KU	   U  Xd^`X
 >XU   U!   [ _[	KU  	  "	KX >XHA,Z>[ Xd^`a !     X+eXd[  X^  	ha Z
V^
	    
 +_  ^\[  ¡¤2tdt\IJK<vfs6strdtSX [  ^`XeU_[]XZ 	  U!   []Xd^  	KX >Xg¤&imlt}tKW
*rtsL<&*rfw,zI¤8K^`_[¤mvfrtr,vXXSViI^Z_[m}tK!^*
ÒIÉ0Ù_jlk\m\k\k
x_C  iZ>U[	 a, Z
	
Ív{w; |SXl6lt  lf[2  P  	<SXjoGV\IY`°6¦pP¶kS: }6K![IK^Zlt_°!K*  J_[I_JltO^ZKW`_ X\2lf$lf}td6^`_Y`GmJ dt^
W`dtV_[m}|[mdt[mW`UVJ|JK!Y`^Z_jQ_[IK*lf^$W`UXWYZK!JW!   	K  UA [ ¤&x: zLF CXz C <m¤mD<tz Cm
ÐÑ(ÒÐµÓ
 	
 x6x
     
l6j¡YZ_V_YU
ltj¡YZ_6K²{lf^Z_blfuIKW¤  %1 ¤8x Xvfrm¤vfsI¤stzI¤
w6rm¤Xw6z Ffrm¤CFX¤ Ctz
umltj>=V¥lf^o ¯ltjgY`_,_YUt¤ ZdX>Xp\2WnK!\I{lf^Z_ltuIKW
dt^Z¥lt^Z ltj¡YZ_V_YUt¤ ZdX>Xp{lf^Z_K 8lt^`_blfumK*W
\mWnK!\I{lf^Z_blfuIKW¤  %  1 ¤&{x IvfrI¤Iv6vX¤Vw6r
8lt^`_K {lf^Z_ltuIKW¤  %  1 ¤±{x XvtrI¤IvtvI¤Vw6r
D<¤h; 1
 I_ªd6^¤.6
l6 8edt_[,YJ|dX XK6¤HZdX>Xp^ZK!tK^ZW`KOJdX XK
O}6dt^Z_ªYZGIJ_j¨D_ª±K!^ZK![,YZ_lfY`_dt[¤ ZdX>XMD
lt_bltW`_[I}m¤ 1 % ¤Xw<I¤lF_<
lt[mlfUXWnK*W
j¡Y`_V_ªYUlf[mltUXW`_W¤.sm¤  1 ¤.zI¤Xw,rI¤lF <
 8edt_[,Yc_6K![IK*W`W´lt[mlfUXWn_bW!¤tvtsI¤ 1h1N1V? ¤ F <
 8edt_[,Y :^Z_ªY`Y`K[£lt[mlfUXWn_bW¤XvtsI¤ 1V? ¤Is6zI¤lF <
OKi2K[m XK![2jgUlt[mlfUXWn_bW¤  1 ¤Xwmt¤lF <
kKl6 V¾ C^Z_ªY`Y`K![£lf[2lfUVW`_bW!¤mvtsI¤Vw6rm¤lF6xV¤lF <
F8k¦lf[2lfUVW`_bW!¤ 1N ¤Is6zI¤ F_<
lt^`^ol8U[IdfYol{YZ_d6[¤  0¤XwLC
l6W`W`_}t[IJK![,YoW!¤± C&{x
O\XY`d6Jl{Y`_bj¨O_±K!^ZK![,Y`_bl{YZ_d6[¤HZdX>XMO
u2ltj>=V¥lt^Z pW`¥K!K!i¤   ¤Xt6¤,8vX¤tvtrI¤fvfsm¤_CLFX¤ CL<Ixfr
u2ltW`_jQuIdXj>=VW¤mvfr
uml6j>=6¾ u&dibim^`dXjgK* X\I^ZKW¤±sI¤.{xV¤±zm¤Is,xX¤ ? H? 1 ¤
Ffrm¤lF6xV¤ CVx  CL<
jlf.}t^olfiIG¤&8vX¤.*sI¤Is Cm¤Is <m¤,wXxV¤lFtsI¤lF FI¤ F6xV¤ CVx
jlf±Y`^ZK!K6¤ ZX>X<j!lf.}t^olfimG
joG2lf_[^Z\IKt¤l;¤lCtr
joGmKj>=Vi2d6_[,YZ_[I}2¤ V  % ¤mvfs
j!dtJiI_lfY`_dt[¤ Cm¤IzI¤.*sI¤lFtv
j!dfYolf[I}6K![,YJdX XK6¤HZdX XM^`KtK^ZW`KOJdX XK
 ml{YZll6W`W`_J_lfY`_dt[¤ <
 ml{YZl XKi2K[m XK[mjgU6¤2vfzm¤IstrI¤Xsm
 ml{YZl|dXj!lf_YUt¤Is6vI¤Istzm¤Ixfr
 IK!uI\I}6}t_[I}m¤ $ %N$ 0
 IK!i&K![m XK[,Y$dt\XYZiI\XY¤ 1 ¤.zm¤Is CI¤lFts
 IK!^Z_6K ²YU,i&KW¤ ZdX>XMWnY`^Z\mj¡YZ\I^`K* ¯YUVi&KW
 I_^ZKjgYJdX XK6¤HZdX XpYZlt[I}tK[6YJdX XK
 I_^ZKjgY`_dt[mlt± IK!^Z_{l{YZ_6Kt¤ 
 I_V_b XK £ X_&K^`K[mjgK*WY`K*WY*¤ $
 IdfYiI^ZdV I\mj¡YYZKWnY¤ $  ¤ C6s C,x
 Id{¥[mWYZ^`K*lfJ£¤ V
 I\IiI_jl{Y`KMW`\IuX¾ KbXiI^ZKWZW`_d6[mW!¤Vs6vI¤Ists
¿2d{¥À}t^olfimG¤IvfrI¤IsL<I¤Xw,zI¤ F6x
¿2d{¥À^ZK!tK^ZWZlf ¤ %
d6^`¥lf^o ²W`¥K!K!i¤   ¤.*vI¤mvfrI¤IvtsI¤ C <Ixfr
}6K![IK^Zlt_°lfY`_dt[¤& Cm¤mvfs
}6^Zl6 X_K![,Y¤  ¤mstsm¤CL<
}6^Zl6 X_K![,Yn¾ umltW`K ¯dtiXYZ_J_°l{YZ_d6[¤ <
_[m XKi2K[m XK[6Y$_[IiI\IY¤  1 ¤.zI¤XsLCI¤lFfs
_[I_Y`_blf_°*l{YZ_d6[mW!¤  0 N% ¤Iv6vX¤IsI6¤Istzm¤,w<I¤ CVxV¤2x{r
IÈ[miI\XYn¾n³D\XYZiI\XY¤ %V%N%V1 ¤lFfr
_[VtK^ZW`KDim^`d6uIKJW!¤ <
 ltj!dtuI_blf[¤ ;
JdX X\IKW¤ %hMS% ;
J\IY`_¾  X_^ZKj¡YZ_d6[mlf±JdX XKt¤ % ; T1  ¤IstzI¤ F6v
[mdt[X¾È XKj!_ mlfuI__YUt¤ CVx
³&UXWZWn]Kt¤mx
d{6K!^Zd,lt X_[I}2¤ %hM
i2lf^olfK_bWnJ£¤±8xX¤Istrm¤Xw,vX¤mxfr
im^`dXjgK* X\I^ZKW¤±*vX¤mvtrI¤mvtsI¤Iv FI¤mvfzI¤XwXx
 V¤7!X¤lf[m <X¤vfrm¤vfsI¤hsIt¤hs <I¤ FtvX¤
Cts
k$Kjgd6JiI\XY`K!¾ O ¤  ¤.t
^ZKj!\I^oWn_V_ªYU6¤ ? 0
^ZK!6K!^oWnKJdV IKt¤  % ¤ODCI¤vtrI¤vtsI¤sI Xsfw2¤s CI¤
w6sm¤lFfrI¤ F6vX¤lFfz C6rI¤Cts C,x
^ZdVdfYiI^ZdXjgK I\I^`K6¤ 1V$ ¤lFfsm¤ Ctr
ÒIÉ0Ù_jlk\m\k\k
xfz  iZ>U[	 a, Z
	
W`K![2Wn_Y`_V_ªYZ_K*W!¤ ZdX>XM X_^ZKj¡YZ_d6[mlf IK!^Z_{l{YZ_6K
W`_b XKg¾ Kg±KjgYZW¤mvtvX¤Is,vX¤XwVvX¤VwL<m¤lFfrI¤ C,v
W`[mltimWnGmdfY¤ h ¤mvfsI¤Xstwm¤Istzm¤lFfzm¤ C,x
W`i&Kjg_blf_°l{YZ_d6[¤± Cm¤mvfs
WnYZlfY`_bj¨lf[mltUXW`KW¤Vsmt¤ CVx
SVY`dt^ZKg¾È$ ¤   ¤.t6¤.*vX¤Ivtr
W`UVJ<u&dt.[mltJKW¤ ?
F(G¤*r
Yolf[I}6K![,YJdV IKt¤  h ¤&DCI¤IsLCI¤lFfz C6rI¤Cts
Yolfi&Kt¤  ¤mvfrI¤IvtsI¤IsI6¤ C,xX¤2x{r
+5!27+5% 72¤6sF
jgdtJJlf[2 ²_[mKpdtiXYZ_d6[mW!¤ 1 MT1 
    9"X¤fstrm¤lFfr FtvI¤ Mh%
µY`i¶ Xd{¥[Id6l6 X_[m}m¤XsLF
dt[X¾ _[IKp XdXjg\mJ|K[,YZl{YZ_d6[¤IsLF
i2K^nd6^`Jlf[2jgKW¤ Ffzm¤ M ;¤ C,x
iI^`dXj!K X\I^ZKQGIKl6 XK!^oW!¤ 
a6\mK!^ZU¯¥Ku_[,Y`K^nAl6jgKt¤ MV1 ¤lF_C
^`K*Wn\IY¥Ku_[,Y`K^nAl6jgKt¤ MhM
WnUV[Id6imWn_bW¤VsF
¥lt^`[I_[I}|JKWZW`lt}tKW¤ ?h1SMH
YZdu2Kp^ZKWnY`d6^`K* .¤hZX>X<F8k lt[mlfUXWn_bW
YZ^ZlfeKjgY`dt^ZUt¤hZdX>X¨Yolfi&K
YZ^Zlt[mW`i2d,Wn_Y`_dt[¤ <m¤ Cm¤&{x
YUVi&Kg¾ÈjoGIKj>=V_[I}m¤IvLFX¤Xw6rm¤Vwmt¤XwFX¤lF <
YUVi&KW¤ ? $ ¤mvfrm¤XvLFX¤Xw2t¤XwF
iI^`_J_ªYZ_6KQYU,i&KW¤iFX¤Xs <m¤ Cts
WYZ^`\mjgY`\I^ZK ²YUVi2K*W!¤ ?   $ ¤mvLF Iv6x
\mimWYZ^`K*lfJ£¤ h
{lt_b Il{YZ_d6[¤ $ N$h%
6KjgY`dt^JdX XKt¤TZX>XMJ<\IY`_¾  I_^ZKjgY`_dt[mlt&JdX XK
6KjgY`dt^Z_blf±[IdfYol{YZ_d6[¤ ZdX X<lf^Z^Zl8U[IdtYZlfY`_dt[
ÐÑ(ÒÐµÓ
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-0803
